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PREFACE. 


I T has long been a matter of furprkc 
to thofe who are interefted in the 
education of youth, that, among the nu¬ 
merous publications intended for their 
improvement, fo few attempts have been 
made to facilitate the ftudy of Aftronomy. 

Many excellent treatifes have been 
written on this important and ufeful 
fcience ; but if it be confidered that they 
abound with technical terms, unintelli¬ 
gible to juvenile minds, it cannot be ex¬ 
pected that they fliould derive any great 
advantage from the perufal of them. 

To remove thefe difficulties, the Author 
has endeavoured, whenever he had occa- 
fion to life them, to give fuch illuftrations 
as to leave no doubt on the young ftu- 
A 2 dent’s 
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dent’s mind refpe&ing their true mean¬ 
ing. 

The fubjeft appeared to him to be beft 
calculated for dialogues, which are cer¬ 
tainly more agreeable as well as more 
perfpicuous to young perfons, than the 
difcouraging formality of a treatife. And 
it is prefumed the language will be found 
natural and eafy. 

In the order he has chofen, he has been 
careful not to introduce any thing new, till 
the former part, on which it depends, has 
been clearly explained. 

On the whole, it has been his aim to 
render it 2s concife and plain as the na¬ 
ture of the fubje£t will admit 5 and he 
flatters himfelf, that at a time when the 
fciences are fo univerfally lludied, the in- 
troduftion now offered to the public will 
not be unacceptable. 
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DIALOGUE f.! 

Tutor. 

ELL, Sir! I fuppofe this early 



VV vifit is in confequence of my 
promile, and your anxiety to become an 
aftronomer. 

Pupil. It is. Sir.—And as adronomy 
is a fcience of which I have a very imper¬ 
fect idea, I mult beg of you to explain it 

to me. 

Tutor. That I fhall do with plea- 
fure. But you furely cannot wholly 
forget what I have formerly told you. 
However, as I mean to treat the fubjeffc 
as if you had no previous knowledge of 
it, you will have an opportunity from 
what you can recolledt, to make fuch 
remarks, and afk fuch queftions, as may 
appear molt material to you. 
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Pupil. I thank you. Sir, it is juft 
what I wiih. 

Tutor. By aftronomy then is meant 
a knowledge of the heavenly bodies, the 
lun, moon, planets, cornets, and ftars, 
refpedring their nature, magnitudes, dis¬ 
tances, motions, &c. 

Pupil. I fear I Shall find it a difficult 
ftudy. 

Tutor. Have patience.- 

The wife and prudent conquer difficulties, 

“ By daring to attempt them. Sloth and folly* 

*« Shiver and ffirink at fight of toil and danger, 

** And make the impofiibility they fear.” 

Pupil. This gives me encouragement, 
and, if you will have patience with me, 
I will endeavour to profit by your in¬ 
structions.-Pray, Sir, what is the 

fun ? 

Tutor. The fun, the fource of light 
and heat, has been confidered a globe 
of fire, round which feven other Sphe¬ 
rical bodies revolve at different diftances 
from him, and in different periods of 
-8 time. 
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time, from weft by fouth to eaft. Thele 
are the planets*. 

Pupil. Any round ball is a globe, is 
it not ? 

Tutor. A fphere or globe is defin¬ 
ed a round folid body, every part of 
whofe futface is equally diftant from a point 
within called its center; and a line drawn 
from one fide through the center to the 
oppofite fide, is called its diameter. 

Pupil. You fay the fun has been con- 
fidered a globe of fire. Is he not now 
thought to be fo ? 

T utor. f Dodor Herfchell, from fome 
late obfervations, is of a different opi¬ 
nion.—But what think you of his magni¬ 
tude ? 

Pupil. I really cannot conjedure.— 
This I know, that when I faw him 
through the fog the other day, he ap¬ 
peared about the fize of a common 
plate. 

# From Plan eta, roving or wandering. 

f See his letter read at the Royal Society, Decern- 
beri8tb, 1794.. 

B 2 T UTOR* 
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Tutor.. You mutt not always judge | 
by appearances. You will find that there 
is a material difference between hisP real 
and apparent magnitude, which I think 
you will be convinced of'Whetf *1 'tell' 
that he is no lefs than 95' AftllioVis 1 bf 
miles from our earth. :i u:l ■ 

Pupil. Ninety-five millions of 1 frills! 
You aftonilh me. * wiis. 

Tutor. You will, I dare fay, be no 
lefs furpriz-ed at being told, that he is 
more than a million of times as large ss' 
o.ur earth. 1.. zobibd 

. . , •' y ' r'( 1 2 

Pupil. It is almoft incredible! Arid, 
what are the planets ? iutE 

Tutor. The planets are opaque, that 
is dark bodies, which receive their light- 
from the hin; andyas I told you, revolve 
abouf him. The firft, or thar Tiearefl 
the fun, is called Mercury, the ne 5 ct Ve¬ 
nus, then the Earth, Mars, Jupiter, ^ajtqrn, 
and Georgian, or the Georgium Judies.* 
Thefe are called primary planets. , v 

# Thcrr characters ar& ~ - i, .-,: 3 . 
Sun,'Merc.' Venus, £arth, Mai:s, Jup. Saturn, Georgian, 

(* - g s 0 £ % h y 

Pupil. 
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Pupil. Are there then any ©thepsd< 

Tutop.. Yes. There are, fourteen 
others, which move round their refpee- 
tive primaries as their centers, and with 
them round the fun, and are called fe- 
condaries, fatellites or moons. 

Pupil. Have all the primaries fecon- 
daries ? 

TyjroR. Only four of them have 
moons. The earth, I need not tell you, 
has one; Jupiter has four; Saturn feven, 
befides a ftupendous ring which furrounds 
his body; and Georgian two. n 

Pupil. In what time, and at what dis¬ 
tances, from the fun, do the planets per¬ 
form their periodical revolutions ? 

Tutor. Mercury revolves about the 
fun in 88 days, at the diftance of 36 mil¬ 
lions of miles. 

Venus, it the diftance of 68 millions of 
miles, completes her revolution in 224 
days. 

Earth , on which we live, at the dif- 
B 3 ,• tance 
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taftce of 95 millions of miles, performs 
its period in one year.'* 

Mars, at the diftance of 145 millions I 
of miles, in little lefs than ' two of our 
years. 

Jupiter, at the diftance of 494 millions I 
of miles, in near 12 years. 

Saturn, at the diftance of 9 06 millions I 
of miles, in about 30 years. 

Georgian, difcovered a few years fince 
by Dr. Herfchell, performs its period at | 
the diftance of 1812 millions of miles, in 
about 83 years.f 

* The motion of the earth in its orbit is at the rate of f 
€8 thoufand miles an hour. 

f As the didances of the placets, when marked in : 
miles, are a burthen to the memory, aftronomers often 
e'xprels their mean diftances in a fhorter way, by fup- 
pofing the diftance of the earth from the fun to be divid¬ 
ed into ten parts. Mercury may then-be eftimated at 
four of fuch parts from the fun, Venus at feven, the 
Earth at ten, Mars at fifteen, Jupiter at fifty-two fuch 
parts, Saturn at ninety-five, and Georgian 190 parts. 

See Plate I. Fig. 1. 

Thefe are calculated by multiplying the refpeftive dif¬ 
tances of the planets'by io 5 and dividing by 95, the 
mean diftance of the earth from the fun $ and may be fet 
off by any fcale of equal parts. 

Pupiu 
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Pupil. What proportion does the 
earth bear in magnitude to the other 
planets ? 

Tutor. The earth is fourteen times as 
large as Mercury, very little larger than 
Venus, and three times as large as Mars. 
But Jupiter is more than fourteen hun¬ 
dred times as large as the earth; Saturn 
above a thoufand times as laFge, exclufive 
of his ring; and Georgian eighty-two 
times as large. 

Pupil. Have you any thing elJe, Sir, 
to remark concerning the planecs ? 

Tutor. There arefeveral other things 
I intend to make you acquainted 'with, 
namely, their nature, appearances, mo¬ 
tions, &c. At prefent I fhall only fay, 
that Mercury and Venus are called * infe¬ 
rior planets, their orbits or paths defcribed 
in going round the fun, being within that 
of the earth; and the other four, whofe 
orbits are without the earth’s orbit, f fu» 
perior planets. 

* Perhaps with more propriety interior or inward* 

f Exterior or outward. 

B 4 Pupil. 
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. Pupil-. • ‘There is- one thirig more I wifh 
to know, if- 

Tutor. I fappofe you were going to 
fay: if not too much trouble; that’is quife 
upneceffary, as you well know that where 
I fee a defire to learn, teaching i's to me 
a pleafure.—What is it ? 

■■"Tr 

ifriPupiL. That you will be fo kind as to 
inform me what the comets are, and if 
they; have any motion ? 

•.-•.oF'Utor. The knowledge we have of 
carnets is very imperfett, as they afford 
few obfervations on which to ground con- 
jC&ure. They are generally fuppofed to 
he; planetary bodies, forming a part of 
ojir fyftem: for, like the planets, they re¬ 
volve 1 about die fun, but in different di¬ 
rections, and in extremely long elliptic 
curves, being fometimes near the fun, at 
ethers ftraying far beyond the orbit of the 
outermeft planet} whereas the orbits of 
the planets are nearly circular. The pe¬ 
riod of one, which appeared in 1680, is 
computed to be 57 5 years. 

•Kl<k 


Pupil* 
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Pupil. Whence do they derive their 
name ? 

T utor. From Cometa , a hairy fiar t be- 
caufe they appear with long tails, fome- 
what refembling hair: fome, however, 
have been feen without this appendage, 
as well defined and round as planets. 

Pupil. You fay our fyftem : what am 
I to underftand by it ? 

Tutor. The word fyftem, in,an aftro- 
nomical fenfe, means a number of bodies 
moving round one common center or 
point: and, becaufe the planets and co¬ 
mets revolve about the fun, it is call«d^ 
the Solar Syfiem (Plate I. fig. 2.); and' 
we fay our fyftem, as the earth is one of 
the planets. Other fyftems have been 
invented for folving the appearances and 
motions of the heavenly bodies, a de- 
fcription of which I fhall leave till I next 
fee you. • 

, • i I- v. •'$>*! li ? " 

■ S &fir Kiir liuntaqq,* <{’,*«>; H- - *•; 

ui B 5 
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DIALOGUE II. 


Pupil. 

I AM afraid. Sir, I am come before 
you are prepared for me: but the 
very great pleafure I received yefterday, 
induced me to be with you as early as 
poffible. 

Tutor. I am glad to fee you, and 
happy to find you are fo well pleafed with 
your difficult ftudy. It will, I allure you, 
•give you more exalted ideas of the Deity 
than any that I know of. The Pfalmift 
was undoubtedly of this opinion when he 
faid, The Heavens declare the glory of 
God, and the Firmament fheweth his 
handy work. 

Pupil. I will no longer call it a diffi¬ 
cult, but a pleafing ftudy, and feel myfelf 
afhamed at having ufed the expreffion. 

I fliall 
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I fhall now beg you to explain to me the 
different fyftems. 

Tutor. The fyftem I have been de- 
fcribing to you was known and taught 
by Pythagoras, a Greek philofopher, who 
flourifhed about 500 years before Chrift, 
as he found it impoflible, in any other 
way, to give a confiftent account of the 
heavenly motions. 

This fyftem, however, was fo extremely 
oppofite to all the prejudices of fenfe and 
opinion, that it never made any great 
progrefs, nor was ever widely lpread in 
the ancient world. 

Ptolemy, an Egyptian philofopher, 
who flourifhed 130 Years after Chrift, 
fuppofed that the earth was fixed in the 
center, and that the fun and the reft of the 
heavenly bodies moved round it in twenty- 
four hours, or one natural day, as this 
feerr^d to correfpond with the fenfible 
appearances of the coeleftial motions. 
This fyftem was maintained from the 
time of Ptolemy to the revival of learn¬ 
ing in the fixteenth century. 

B 6 
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At' lengthy ’ Copernicus, . a * native of' 
Poland}' a bold' and original genius, 
attested the Pythagorean fyftem, and 
puMifhed it to the world in the year 
153& wThis doctrine had been fo long 
in. obfeurity, that the reftorer of it was 
copfidered as the inventor. 

Europe, however, was ftill immerfed 
in ignorance j and the general ideas of 
the world were not able to keep pace with 
thofe of a refined philofophy. This oc¬ 
casioned Copernicus to have few abettors, 
but many opponents. Tycho Brahe, ip 
particular, a noble Dane, fenfible of the 
defeats of the Ptolemaic fyftem, but un¬ 
willing to acknowledge the motion of 
the earth, endeavoured, about 1586, to 
eftabliih a new fyftem of his own i but, 
as this proved to be ftill more abfurd 
than that of Ptolemy, it was foon ex¬ 
ploded, and gave way to the * Copernican 
or true Solar Syftem. 

Pupil. I confefs, I fhould have thought 

* See Plate I, fig. i, 

,j ( l with 
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with Ptolemy, that the earth was in- the 
center, and that the fun moved round it. 

Tutor. You mult at prefent content 
youtfelf with knowing that it is not fo; 
and it lhall be my bufinefs to prove it. 

' Pupil. May I beg the favour of the 
information you intended refpefting the 
planets ? 

Tutor. I will grant it with pleafure. 
The planets are fpherical bodies, which 
appear like liars, but are not luminous; 
that is, they have no light in themfelves; 
though they give us light} for they Ihihe 
by reflecting the light of the fun. l ! 

Pupil. You fay, Sir, that they appear 
like liars } if l'o, how am I to know them 
from liars? r'i jr.T, 

Tutor. Very eafily: for the liars, or 
as they are more properly called fixed 
liars, always keep the fame fituation wi,th 
refpeft to each other j whereas the planet^, 
as they move round the fun, mull be con¬ 
tinually changing their places among the 
fixed liars, and with one another. 


Pupil. 
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Pupil. Is. there any other method of !• 
diftinguilhing them befides what you have 
mentioned ? 

Tutor. Yes. The planets never i 
twinkle like the fixed ftars, and are feen j 
earlieft in the evening and lateft in the ■ 
morning. 

Pupil. How is the twinkling of the j 
ftars in a clear night accounted for ? 

Tutor. It arifes from the continual 
agitation of the air or atmofphere through 
which we view them; the particles of air 
being always in motion, will caufe a 
twinkling in any diftant luminous body, 
which fhines with a ftrong light. 

Pupil. Then, I fuppofe, the planets 
not being luminous, is the reafon why they 
do not twinkle. 

Tutor. Moft certainly. The feeble 
light with which they Ihine is not fuffi- 
cient to caufe fuch an appearance. 

Pupil. Have the ftars then light in 
themfelves ? 

Tutor. They undoubtedly fhine with 

their 
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their own native light, or we fliould not 
fee even the neared of them: the dif- 
tance being fo immenfely great, that if a 
cannon-ball were to travel from it to the 
fun, with the fame velocity with which it 
left the cannon, it would be moVe than 
i million, 868 thoufand years, before it 
reached it.* 

Pupil. This is wonderful indeed! what 
then are they fuppofed to be ? 

Tutor. Suns. 

Pupil. Suns! the fixed dars funs! 

Tutor. Yes, funs. 

“ One fun by day, by night ten thoufand Aline.” 

And what will increafe your adonidr- 
ment, each of them is the center of a fyf- 
tem of planets, which move round him.f 

* The diftance of Syrius is 18,717,44.2,690,526 
miles. A cannon-ball going at the rate of 1143 miles 
an hour, would only reach the fun in about 1,868,307 
years, 88 days*. 

Adams’s Ledures, vol. 4. page 44. 

f Dr. Herfchell fays, that in fome dufters of lhrs ho 
has oblerved, they appear too clcfe together to admit any 
planets to revolve about them. 


<• Obferve 
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u Obferve how fyftem into fy&em run*.” , 

" What other planets circle other funs." 

Pupil. I am aim oft loft.—I ufea to 
think they were defigned to give us 
light. 

Tutor. This is a vulgar error.—They 
were doubtlefs created for a much nobler 
purpofe, fince thoufands of them are in- 
vifible to us without the help of a tele- 
fcope; and we receive more light from 
the moon than from all the ftars together. 

Pupil. How do you know they arc 
funs ? Is their being luminous a proof of 
their being fo ? 

Tutor. No. But we know that the 
fun fhines with his own light on all the 
planets belonging to our fyftem ; and from 
what I have told , you, have the greateft 
reafcn to believe that the ftars fnine with 
their own light: we therefore from ana¬ 
logy conclude, that they are fo many funs 
conveying light and heat to other worlds*. 

Pupil. Are there then other worlds 
befides this we live in ? 

* Dr, Herfchell thinks it probable that the fun. and 
fixed liars may be inhabited. 


Tutor. 
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Tutor. Confider.—Ffas ftbt the earth 
, . V- »' I v ' • <% 

we inhabit a moon to enlighten it ? 

n v dliil ;;- :< rnn?’''tnvi U 

Pupil. Yes, Sir. , , ... 

i.,. " mu ■■ 

Tutor. And have I not told you that 1 o' 
Jupiter, Saturn,’and Georgian; have alto 
moons? 

Pupil. This I well remember. t 


Tutor. For what purpofe then do ’’ 
you fuppofe thofe orbs were defigned ? 
Pupil. Indeed, I cannot tell. 


Tutor. You furely cannot imagine 
th^t they were intended for our ufe, fince 
we knew nothing of them till after the in¬ 
vention of telefcopes. 

Pupil. That is what I think no one 
can fuppofe. 


T utor. And do not all the planets en¬ 
joy the benefit of the fun in common 
with us ? 

Pupil. Undoubtedly. 


Tutor. Well, then ; of what ufe 
would the light and heat be which is con¬ 
veyed to them from the fun; or the light 

which 
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which they receive from their moons if 
there are no inhabitants ? 

Pupil. I know of none. 

T utor. Can you then have any doubt 
about their being inhabited ? 

Pupil. No, Sir.—But you fay that the 
liars are funs, each of which is the center 
of a fvftem of planets or worlds. 

Tutor. If you are latisfied that the 
planets belonging to our fyllem are inha¬ 
bited, and that the fixed liars are funs, 
the centers of other fyltems, what realbn- 
able objection can you have to all the 
planets in the univerfe being fo ? 

Pupil. It is what I cannot compre¬ 
hend. 

Tutor. It may be fo.'—But is not the 
fame Almighty Power, who does nothing 
in vain, as capable of making ten thou- 
fand worlds if he pleafed, as well as one ? 

Pupil. I will not prelume to difpute 
his power j but are we not told that all 
mankind defcended from Adam ? 

Tutor. 
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Tutor. Yes; Mofes wrote concerning 
this earth, he has not made us acquainted 
with the inhabitants of the other planets t 
for aught we know they might defcend 
from other Adams.—To-morrow evening 
I hope to fee you again. 


DIA- 
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Recoiled, Sir, you mentioned laft 

night, that the planets appear like 


I 


ftars. Our earth is a planet; how can it 
hive the appearance of a ftar ? 

Tutor. If you were on the planet 
Venus, the earth would have as much h e 
appearance of a ftar as Venus has to us. 

Pupil. But Venus appears amongft 
the fixed ftars. 

Tutor. Yes. And fo would the earth 
appear from Venus. 

Pupil. How can it be ? 

Tutor. Becaufe, in whatever part of 
the univerfe we are, we appear to be in 
the center of a concave, that is hollow, 
fphere, where remote cbjeds appear at 
equal diftances from us: fo that, whether 
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we are on the planet Venus or on the 
earth, in this particular the effect will be 
the fame. 

Pupil. Then the light wb receive from 
the fun is by reflection conveyed to the 
other planets. 

Tutor. No doubt of it. And our 
earth appears as a moon to the inhabi¬ 
tants of the moon, and undergoes the Va* 
rious changes of that planet. 

it nr.T WOu. 33n£iCI £ El tuO .El£il 

Pupil. Have you any proof of this, 

Sir? t_ ™ ' 11 motuT 

Tutor. Nothing can be clearer; for, 
on a fine evening, foon after the change 
of the moon, when the earth appears 
nearly as a full moon to the moon, and 
we fee a faint ftreak of light, the whole 
body of the moon is vifible to us. 

Pupil. I remember t,o have feen ,it. 

Tutor. You do?— The earth then 
will appear there thirteen times as large 
as the moon does to us; of courfe it muft 
reflect a ftrong light on the body of. the 
moon ■, and it is by that light \ye fee that 

part 
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'part of the moon which is turned from 
the fun. 

Pupil. Is the earth, then, only thir¬ 
teen times as big as the moon ? 

Tutor. In folidity it is about fifty 
times as large ; but its dilk or face is only 
thirteen times. 

Pupil. What is the moon’s diftance 
from the earth ? 

Tutor. 240 thoufartd miles, which Is 
about 400 times lefs than that of the 
fun. 

Pupil. And yet flie appears as far 
diftant as the fun. 

Tutor. You are now, I hope, con¬ 
vinced of what I faid relative to diftant 
objefts. 

Pupil. I am, Sir: and I fuppofe the 
reafon of the moon’s appearing as large as 
the fun, is becaufe fhe is fo much nearer 
to us. 

Tutor. It is fo.—For, at a total 
eclipfe of the fun, which happens when 
the moon is in a right line between the 

fun 
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fun and the earth, the fun is obfcurcd 
from our fight, although his dilk is j6o 
thoufand times as large as that of the 
moon. In like manner would the moon, 
when at full, be hid by placing your 
tricket-ball in a line between your eye 
and her, yet, you know, the ball is not fo 
large as the moon ; but being nearer the 
eye, it is apparently fo. 

Pupil. This is very clear. Bu t 

T utor. I conjecture you were going 
to afk me to explain the nature of 
eclipfes. 

Pupil. That was certainly my-inten¬ 
tion, Sir. 

Tutor. There are other things you 
mud be made acquainted with before you 
will be able to comprehend it, and which 
I will endeavour to make you underftand 
before we enter on the fubjeCt. 

Pupil. Whenever you pleafe. Sir. 

Tutor. You have taken a view of 
the earth from the planet Venus.—Sup- 
pofe I tranfport you to one of the planets 

belonging 
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belonging to another fyftem; what de- 
fcription do you think you ihould give of 
it? 

Pupil. I mull confider. What I now 
call a ftar would be a fun. The planets 
of that fyftem I Ihould fee as I now do 
thofe belonging to ours: our fun would 
be a ftar; and the earth, with all the 
other planets, would be invifible. 

Tutor. Very well. Sir. Can you 
then find it difficult to conceive that all 
the ftars are as far from each other in 
unbounded fpace as our fun is from the 
neareft ftar ? 

Pupil. It is hard to conceive: but 
when I confider that wherever I am, 
every remote object appears at an equal 
diftance from me, the difficulty vanilhes. 

Tutor. That you might form fome 
idea of the immenfe diftance of the fixed 
ftars, you muft recolledt, I mentioned 
the time a cannon ball would be in reach¬ 
ing the neareft of them. 


PuriL, 
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Pupil. IdojSir. More than 1,868,00® 
years. 

Tutor. You have an excellent me¬ 
mory. I fuppofe then you know the 
diftance of the earth from the fun ? 

Pupil. Yes, Sir. I wrote it down; 
and, it made fo ftrong an impreflion on 
my memory, that I believe I fhall never 
forget it.—95 millions of miles. 

Tutor. Now, fuppofe the earth to be 
irr that part of its orbit which is neareft 
to the liar, it would be 95 millions of 
miles nearer to it than the fun is. 

Pupil. Certainly. 

Tutor. And, in the oppofite fide of 
its orbit, as much farther from the ftar. 

Pupil. Without doubt. 

Tutor. Then you find that the earth 
is 190 millions of miles nearer to the ftar 
at one time of the year than it is at ano¬ 
ther ; and yet the magnitude of the ftar 
■does not appear the lead altered, nor is its 
diftance affedted by it. 

c 


Pupil. 
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Pupil. A proof of its amazing dif- 
tance.—1 was going to afk a filiy queft 
tion. 

Tutor. What is it? perhaps not lo 
fiinple as you may imagine. 

Pupil. Whether the moft confpicuous 
ftars are not fuppofed to be the neareft to 
us ? 

Tutor. Undoubtedly.—And are call¬ 
ed fears of the fir ft- magnitude; the next 
in fplendor, ftars of the fecond magni¬ 
tude ; and fo on to the fixth magnitude ; 
and thofe beyond, which are not vifible 
to the naked eye, are called telefcopic 
ftars. 

Pupil. The diftance of the telefcopic 
ftars muft be great indeed, beyond all 
conception. 

Tutor. You judge rightly; and their 
numbers are beyond all computation. 
Doftor Herfchell fays, he has not a doubt 
but that the broad circle in the heavens, 
called the Milky Way, is a moft exten- 
five ftratum of ftars, he having difeo- 

vered 
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vered in it many thousands. Befides, 
i'ome ftars appear to him double, others 
treble, &c. not that they are really fo, 
but are ftars at different diftances from 
us, which appear nearly in a right line. 

“ As in the mi Iky-way a (hining white 
<f O'erfiows the heav'ns with one conlinued light, 
c: That not a (ingle ftar can fhew his rays, 

“ Whilft jointly all promote the common blaze." 

Pupil. I have heard of numbering 
the ftars; but that, I find, is impoffible. 

Tutor. If you mean that immenfe hoft 
of ftars I have been deferibing, it is im¬ 
poffible ; but, though in a clear winter’s 
night, without moonlbine, they feem to 
be innumerable, which is owing to their 
ftrong fparkling, and our looking at them 
in a confufed manner} yet when the whole 
firmament is divided as it has been done 
by the ancients, the number that can be 
feen at a time, by the naked eye, is not 
above a thoufand. 

Pupil. Pray, Sir, how did the ancients 
divide the firmament ? • 

C 2 


Tutor. 
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Tutor. I would willingly anfwer 
your queftion; but, as I find I (hall not 
have time to give you that information 
I wifh, I fliall poftpone it till I fee you 
to-morrow evening. 



DIA- 
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DIALOGUE IV. 


T U T O R. 

ancients, in reducing aftronomy 



to a fcience, combined the fixed 
ftars into conftellations, allowing feveral 
liars to make one conftellation: and, for 
the better diftinguilhing and obferving 
them, they reduced the conftellations to 
the forms of animals, or to the images of 
fame known things, by which means they 
were enabled to fignify to others any par¬ 
ticular liar they meant to notice. Job 
mentions two of the conftellations, name.r 
ly, Orion and Pleiades, which fhews the 
lludy of aftronomy to be very ancient. 

Pupil. Pray, Sir, how may I know 
them ? 

Tutor. By ftudying the ufe of the 


casleftial 
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casleftial globe, on which they arc 
drawn. 

Pupil. Will you be kind enough to 
inftruft me. Sir ? 

Tutor. At fome future time I proba¬ 
bly may: at prefent you are not prepared 
for it. 

Pupil. I am fatisfied.—Have you 
any thing more to remark cf the con- 
fcellations. Sir ? 

Tutor. Yes. The fituation of the 
planets, as they are continually chang¬ 
ing their places, could not be pointed out 
without firft dividing the ftars into con- 
lhdlations: hence, neceffity was the mo¬ 
ther of invention. 

Pupil. And I think a very ingenious 
one.—Ifl may be allowed a comparifon, I 
will fuppofe the different kingdoms of the 
world on my directed map, to reprefent 
fo many conftellations; then, if 1 he ar of 
London, I know it is in England; if of 
Paris, in France; of Lifbon, in Portu¬ 
gal; 
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gal; and id on. Thefe I would compare 
with ftars of the firft magnitude, being 
the chief cities of their refpe< 5 tive king¬ 
doms ; inferior cities, ftars of the fecond 
magnitude; principal towns of the third, 
&c. 

Tutor. A very apt comparifon indeed. 
Now if you hear of a traveller fetting off 
from London to Dover, thence to Ca¬ 
lais, Paris, Bern, and fo on to Rome, 
you know that he muft go through part 
of England, Flanders, France, Switzer¬ 
land, and Italy, palling many towns and 
villages on his way. 

Pupil. That is very evident. 

Tutor. Very well, then; in like man¬ 
ner would the planets, if feen from the 
fun, be traced from ftar to ftar, from con- 
ftellation to conftellation, through their 
whole periods. 

Pupil. It is not poffible to view them 
from the fun, furely, is it ? 

Tutor. No, certainly. 

Pupil. Why then do you fay if feen 
from l^he fun ? 

C 4 
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Tutor. Becaufe it is there only their 
motions can appear uniform ; as i'een 
from the earth they apparently move very 
irregularly.—Suppofe you were in the 
center of a circular courfe; and, whilft a 
horfe was going round, you kept your 
eye on him: cannot you conceive that 
you fliould fee him run round the courfe 
in a regular manner, moving the whole 
time the fame way ? 

Pupil. It is not at all difficult to con¬ 
ceive. 

Tutor. Again. Imagine yourfelf 
placed at a confiderable diftance on the 
outfide of the courfe, where you could 
lee the horfe the whole time he was go- 
ing round, would he appear to move as 
uniformly as before ? 

Pupil. Certainly not: on the oppofite 
fide of the courfe his motion would be 
the fame as when I flood in the center 
of it; when he was approaching me, I 
Ihould fcarcely fee him move; in that 
part of the courfe next to me he would 
move in a direction contrary to what he 

did 
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did at firft; and again when going from 
me, his motion would be fcarcely vi~ 
fible. 

Tutor. This I think will give you a 
tolerable idea of the irregular motion 
of the inferior planets, as feen from the 
earth. When fartheft from us their mo¬ 
tion is faid to be direct; when nearcfl to 
us retrograde, becaufe they appear to be 
moving back again; and, when ap¬ 
proaching, or going from us, we fay they 
are ftationary y becaufe, if then obferved 
in a line with any particular ftar, they will 
continue fo for a confrderable time: now 
thefe appearances could not happen if 
they moved round the earth. 

Pupil. Nothing can be plainer: for 
if the earth were in the center we fhould 
always fee them move the fame way. 


Tutor. When the planet is neareft t'cr 
us, that is in a line between us and the 
fun, we fay it is in its inferior conjunc¬ 
tion; when fartheft from us, and the 
fun is between us and the planet, in its fu- 
perior conjunction. But the fupcri<k 
C £ planets 











[ .34 ] 

planets have alternately a conjunction and 
an oppofition. 

Pupil. A conjunction, I fuppofe, when 
the fun is between the earth and die pla¬ 
net, and an oppofition when the earth is 
between the fun and the planet; that is, 
when the planet is neareft to us, and ap¬ 
pears to be oppofite to the fun ? 

Tutor. You are right.—Therefore, 
when in conjunction it rifes and fets, 
nearly with the fun; but in oppofition, 
it rifes nearly when the fun fets, and fets 
when he rifes. 

Pupil. Why do you fay nearly. Sir ? 

Tutor. Becaufe it cannot be exa&ly, 
but when the fun, earth, and planet are 
in a right line, which feldom happens. 

Pupil. How do you account for this. 
Sir ? 

Tutor. At prefent I fear you will not 
be able to comprehend what I with to ex¬ 
plain, as I muft ule a term you are un¬ 
acquainted with. The reafon is, that the 
planets are very feldom in or near their 

nodes 
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nodes at their conjun&ions or oppofi- 
tions. 

Pupil. I do not indeed underftand 
what you mean by the word nodes . 

Tutor. It will be explained to you in 
due time, and I fliall conclude this even¬ 
ing with a few more remarks relative to 
the appearance of the planets. 

Pupil. Any thing you plcafe, Sir. 

Tutor. You know that'the planets, 
being opaque bodies, receive their light 
from the fun * and that only that part 
which is turned to the fun can be en¬ 
lightened by him, whilft the oppofite fide 
mufi remain in darknefs. 

Pupil. This is felf-evident: if I hold 
my ball to the candle it will have the 
lame effeft. 

Tutor. Tell me then how you think 
they will appear as feen from the earth. 

Pupil. If when you fhewed me Venus, 
fhe had not appeared perfedtly round, I 
fhould fay that, both before and after 
C 6 her 
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her fuperior conjun&ion I fnould fee 
her nearly with a full face; when ftation- 
ary, only half enlightened, like the moon 
at firft quarter; becaufe, an equal por¬ 
tion of the dark and bright parts will be 
turned towards us; the bright part will 
be decreafing till her inferior conjun&ion, 
when the dark fide will be turned to¬ 
wards us, and confequently invifible; 
the light will then increafe; and, when 
fhe is again ftationary, fire will appear 
like the moon at laft quarter. 

T utor. When feen through a telefcope 
fhe has the different appearances you have 
mentioned; and when I next fee you I 
will fhew you that both Venus and Mer¬ 
cury may fometimes be feen when in 
their inferior conjun&ions; the fuperior 
planets always appear with nearly a full 
-face. 

Pupil. How are the planets diftin- 
guifned from each other ? 

Tutor. Mercury , from his vicinity to 
the fun, is feldom feen, being loft in the 

fplendor 
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ft 

fplendor of the folar .brightnefs. When 
feen, he emits a very bright white light. 

Venus , known by the names of the 
morning and evening ftar, is the brightefl> 
and to appearance, the largeft of all the 
planets; her light is of a white colour, 
anti fo confiderabie, that in a dulky place 
{he proje&s a fenfible lhade. She is vi- 
fible only for three or four hours in the 
morning or evening, according as (lie is 
before or after the fun. 

Mars is the leaft bright of all the 
planets. He appears of a dulky reddilh. 
hue, and much larger at fome periods 
than at others, according as he is nearer 
to, or farther from us. 

Jupiter is dillinguilhed by his peculiar 
magnitude and light. To the naked eye 
he appears almoft as large as Venus, but 
not altogether fo bright. 

Saturn fliines but with a pale feeble 
light, lefs bright than Jupiter, though lels 
ruddy than Mars, 
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*fhc Georgium Sidus cannot be readily - 
perceived without the abidance of a tele- 
fcope. 
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DIALOGUE V. 


Tutor. 

B EFORE I proceed to explain what 
I promifed you, it is neceflary you 
fhould be informed that the earth as feen 
from the fun, in its periodical revolutions, 
will defcribe a circle among the ftars 
which aftronomers call the ecliptic , and 
fometimes the fun's annual path , becaufe 
the fun, as feen from the earth, always 
appears in that line. 

Pupil. Do not all the planets move 
in the ecliptic ? 

Tutor. No.—On account of the 
obliquity of their orbits, they are, in 
every revolution, one half of their pe¬ 
riods above the ecliptic, and the other 
half below it. 


Pupil. 
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planets have alternately a conjunction and 
an oppofition. 

Pupil. A conjunction, I fuppofe, when 
the fun is between the earth and the pla¬ 
net, and an oppofition when the earth is 
between the fun and the planet; that is, 
when the planet is neareft to us, and ap¬ 
pears to be oppofite to the fun ? 

Tutor. You are right.—Therefore, 
when in conjunction it rifes and fets, 
nearly with the fun; but in oppofition, 
it rifes nearly when the fan fets, and fets 
when he rifes. 

Pupil. Why do you fay nearly. Sir ? 

Tutor. Becaufe it cannot be exaCtlv, 
but when the fun, earth, and planet are 
in a right line, which feldom happens. 

Pupil. How do you account for this. 
Sir ? 

Tutor. At prefent I fear you will not 
be able to comprehend what I with to ex¬ 
plain, as I muft ufe a term you are un¬ 
acquainted with. The reafon is, that the 
planets are very feldom in or near their 

nodes 
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nodes at their conjundtions or oppofi- 
tions. 

Pupil. I do not indeed undcrftand 
what you mean by the word nodes. 

Tutor. It will be explained to you in 
due time, and I fhall conclude this even¬ 
ing with a few more remarks relative to 
the appearance of the planets. 

Pupil. Any thing you pleafe, Sir. 

Tutor. You know that the planets, 
being opaque bodies, receive their light 
from the fun; and that only that part 
which is turned to the fun can be en¬ 
lightened by him, whilft the oppofite fide 
mull: remain in darknefs. 

Pupil. This is felf-evident: if I hold 
my ball to the candle it will have the 
lame effect. 

Tutor. Tell me then how you think 
they will appear as feen from the earth. 

Pupil. If when you Ihewed me Venus, 
Ihe had not appeared perfe&ly round, I 
fhould fay that, both before and after 
C 6 her 
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her fuperior conjun&ion I fhould fee 
her nearly with a full face ; when ftation- 
ary, only half enlightened, like the moon 
at firft quarter; becau'e, an equal por¬ 
tion of the dark and bright parts will be 
turned towards us; the bright part wiil 
be decreafing till her inferior conjundion, 
when the dark fide will be turned to¬ 
wards us, and confequently invifible; 
the light will then increafe; and, when 
fhe is again ftationary, Ihe will appear 
like the moon at laft quarter. 

T utor. When feen through a telefcope 
fhe has the different appearances you have 
mentioned; and when I next lee you I 
will fhew you that both Venus and Mer¬ 
cury may fometimes be feen when in 
their inferior conjun&ions; the fuperior 
planets always appear with nearly a full 
.face. 

Pupil. How are the planets diftin- 
guifhed from each other ? 

Tutor. Mercury , from his vicinity to 
the fun, is feld'om feen, being loft in the 

fplendor 


t 37 ] 

fc 

fplendor of the folar brightnefs. When 
feen, he emits a very bright white light. 

Venus , known by the names of the 
morning and evening ftar, is the brightefly 
and to appearance, the largeft of all the 
planets; her light is of a white colour, 
anti fo confiderabie, that in a dulky place 
Ihe projects a fenfible lhade. She is vi- 
fible only for three or four hours in the 
morning or evening, aecording as (lie is 
before or after the fun. 

Mars is the leaft bright of all the 
planets. He appears of a dulky reddilh. 
hue, and much larger at fome periods 
than at others, according as he is nearer 
to, or farther from us. 

Jupiter is diftinguifhed by his peculiar 
magnitude and light. To the naked eye 
he appears almoft as large as Venus, but 
not altogether fo bright. 

Saturn Ihines but with a pale feeble 
light, lefs bright than Jupiter, though lels 
ruddy than Mars, 
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The Georgium Sidus cannot be readily 
perceived without the afliftance of a tele- 
fcope. 
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DIALOGUE V. 


Tutor. 

B EFORE I proceed to explain wliat 
I promifed you, it is neceffary you 
ftiould be informed that: the earth as feen 
from the fun, in its periodical revolutions, 
wiil defcribe a circle among the ftars 
which aftronomers call the ecliptic, and 
fometimes the funs annual path, becaufe 
the fun, as feen from the earth, always 
appears in that line. 

Pupil. Do not all the planets move 
in the ecliptic ? 

Tutor. No.—O n account of the 
obliquity of their orbits, they are, in 
every revolution, one half of their pe¬ 
riods above the ecliptic, and the other 
half below it. 


Pupil. 
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Pupil. I think I comprehend your 
meaning; but Ihall be obliged to you. 
Sir, if you can make it clearer to me. 

T utor. I have here a little defign, 
(Plate II. Fig. i.) which will anfwer 
our purpofe : where S reprefents the fun ; 
ABCD, the orbit of the earth; and. 
EFGH, the orbit of one of the inferior 
planets, fuppofe Venus. 

Pupil. Now I underhand it per¬ 
fectly : the haif E H G rifes above, and 
the other half E F G finks below it, from 
the points E G, which 1 perceive are in 
a line with the orbit of the earth. But 
pray. Sir, have you any name for that 
dotted line ? 

Tutor. Yes, it is called the line 
of the nodes; and the points EG the 
nodes of the planet; the latter is called 
the afcending node, becaule, when the 
planet is in G, it is afcending or rifing 
above the orbit of the earth; or, which 
is the fame thing, above the ecliptic: and 
when in E, it is defcending or finking be¬ 
low it, whence it is called the defcending 

node. 










Platen. 



Fig ■% . 


Fig.3 ■ 


T.Ccnder Sculp f 



























t 41 ] 

node. But you muft remember that the 
orbits of all the planets do not crofs or in- 
terfedt the ecliptic in the fame points; 
but that their nodes or interfedtions are at 
different parts of it. 

Pupil. How can the orbit of the earth 
and the ecliptic be the fame ? 

Tutor. They are very different; but 
being in the fame plane, if the orbit of 
any planet inclines to one it mull: incline 
equally to the other. 

Pupil. You will, I fear, Sir, think me 
very ftupid: but I mull beg of you to 
inform me what you mean by a plane ! 

Tutor. Any flat furface is a plane. 
You may therefore fuppofe the edge of a 
round tea-table to reprefcnt the ecliptic, 
and a circle within if, drawn from the 
center of the table, the orbit of the earth : 
will they not be both in the fame plane ? 

Pupil. Certainly. 

Tutor. You muft not imagine, when 
I am fpeaking to you of the plane of the 
ecliptic, or plane of the earth’s orbit, that 

it 
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It is a vifible flat furface; or, in fpeaking 
of the orbits of the planets, I mean folid 
rings. —No. The planets perform their 
revolutions with the utmoft regularity, in 
unbounded fpace ; and, like a bird thro’ 
the air, leave no track behind them. 

Pupil. How then are they retained in 
their orbits ? 

Tutor. The queftion, I confefs, is 
natural, and is what I expected; but I 
mull of neceffity poftpone it to another 
opportunity; and fhall now fulfil the pro- 
mife I made of lhewing you in what 
manner the inferior planets may be feen 
when in their inferior conjunctions. Call 
your eye again on the little defign I gave 
you, and confider, if Venus were in her 
afeending node at G, when the earth is at 
b} or, in her defeending node, at E, when 
the earth is at a, what the effedt would 
be. 

Pupil. She would be in a line with 
the fun. 

T utor.. And, on the fun’s difle, the 

would 
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would appear a dark round fpot, pafiing 
over ir. Thefe appearances, which are 
called tranfits, happen very feldom: be- 
caufe flie is very feldom in or near her 
nodes at her inferior conjunctions. There 
was one in June 1761, one in June 1769; 
and the next will be in the year 1874. 
And as Mercury is feen in the fame man¬ 
ner, it is a proof that their orbits muft be 
within that of the earth. 

Pupil. I thank you, Sir, and (hall be 
obliged to you to inform me how many 
conftellations the earth pafles over in 
every revolution ? 

Tutor. Twelve, which correfpond 
with the months of the year, and are called 
the twelve figns of the zodiac. 

Pupil. What is the zodiac ? 

Tutor. That part of the heavens 
which contains the twelve figns, and which 
you may conceive to be a zone or belt 
extending eight degrees on each fide the 
ecliptic, in which the planets conftantly 
revolve : fo that no planet is ever feen 

more 
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more than eight degrees either north or 
fouth, that is above or below the eclip¬ 
tic. 

Pupil. What am I to underfrand by a 
degree ? 

Tutor. All circles, whether great or 
final!, are fuppofed to be divided into 360 
equal parts, called degrees, and each de¬ 
gree into 60 equal parts, called minutes : 
therefore, if I fpeak of a circle in the 
heavens, the circumference of the earth, 
or any other circle, by a degree is meant 
the 360th part of that circle j and a mi¬ 
nute the 60th part of a degree. 

Pupil. What are the names of the 
twelve figns ? 

Tutor. The firft is called Aries, 
which you know fignifies a Ram; Tau¬ 
rus, the Bull; Gemini, the Twins; Can¬ 
cer, the Crab ; Leo, the Lion j Virgo, the 
Virgin ; Libra, the Balance ; Scorpio, the 
Scorpion ; Sagittarius, the Archer; Ca¬ 
pricorn, the Goat; Aquarius, the Water- 
bearer; and Pifcesj the Fifties. 


Pupil. 
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Pupil. Do you wilh me to commit 
thefe to memory. Sir ? 

Tutor. It is veiy requifite ; but as I 
know you are fond of verfe, you fhall hear 
what Do6tor Watts fays— 

The Ram, the Bull, the heav’nly Twins, 

And next the Crab the Lion (bines. 

The Virgin, and the Scales: 

The Scorpion, Archer, and Sea-goat, 

The Man that holds the Water-pot, 

And Filh with glittering tails- 

Pupil. I like it much, as it will afiift 
my memory. 

Tutor. As the twelve ligns corre- 
fpond with the months of the year, the 
earth muft pafs over nearly one degree 
every day, one fign every month, and in 
twelve months complete a whole circle, 
or 360 degrees; therefore every fign 
muft contain 30 degrees, becaufe 30 mul¬ 
tiplied by 12 is equal to 360. 

. Pupil. It muft be fo. 

Tutor. You muft remember, that 
when the earth is in any fign, as leen from 
2 die 



the fun, the fun will be in the oppofite 
fign, as feen from the earth : for inftance, 
if the earth be in Aries, the fun will be in 
Libra; if in Taurus, the fan will be in 
Scorpio, &c. therefore, as by the earth’s 
annual motion, the fun appears to move, 
we always fpeak of the fun’s, not the 
earth’s place, in the ecliptic.—You do 
not feem to underfcand me ? 

Pupil. Not perfectly. Sir. 

Tutor. Take this orange, and put it 
in the middle of the round table before 
us, and place an apple on the oppofite 
fide next the window: the orange may 
reprefent the fun, the apple the earth, 
and the window the fign Aries. Nov/ 
go round the table to the apple; look at 
the orange, and tell me to what part of 
the room the eye will be dire&ed. 

Pupil. To the part oppofite to the 
window. Sir. 

Tutor. If then you fuppofe the door, 
which is oppofite to the window, to be 
the fign Libra, the fun will be in Libra 
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when the earth is in Aries—will it 
not ? 

Pupil. It is very plain. 

Tutor. I flrall now give you a table of 
the figns, their characters, the correfpond- 
ing months, and the days of the month 
the fun enters each fign, by means of 
which, if you reckon a degree for a day, 
you may find the fun’s place, nearly, for 
any day in the year. 

Pupil. This will give me much plea- 
fure, and I Ihall be happy to have it. 

THE TABLE. 

NORTHERN SIGNS. 

Aries, Taurus, Gemini, Cancer, Leo, Virgo. 
t « it 25 a ii£ 

March, April, May, June, July, Aug. 
20, 20, 21, 21, 23, 23. 

SOUTHERN SIGNS. 

Libra, Scorpio, Sagittarius, Capricorn, Aqua. Pifccs. 
*0= in. V 71 vr xs 

Sept. Oflober, November, Decent. Jan. Feb. 
23, 23, at, at, 20, 18. 


Pupil. 
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Pupil. Why do you write northern 
and fouthern figns. Sir ? 

Tutor. Becaufe they arefituated north 
and fouth of a circle in the heavens, cal¬ 
led the equinoctial, which circle erodes 
the ecliptic in the points Aries and Li¬ 
bra, and extends 23 f- degrees on each fide 
of it; and which I fhall have occafion to 
mention to you another time. 

Pupil. When you think proper. Sir, 
I fhall be glad to have it explained to 
me. 

Tutor. Look at your table, and tell 
me what fign and what degree the fun 
is in the 30th of March, and 20th of Oc¬ 
tober. 

Pupil. The fun enters Aries the 20th 
of March, of courfe he muft be 10 degrees 
in that fign the 30th ; and, as he does 
not enter Scorpio till the 23d of October, 
he muft want three degrees of completing 
the fign Libra; he muft therefore, on 
the 20th of October, be in 27 degrees of 
.Libra, 


Tutor. 
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Tutor. Very well.—Do you learn the 
table, as you will have a farther ufe for 
it. 


D 


DI A- 
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DIALOGUE VI. 


Pupil. 


I N C E 1 was laft with you, Sir, I 



have been thinking of what you then 
told me, that the planets perform their 
revolutions in open fpace: I have not 
the leaft idea how this can be ; if conve¬ 
nient, I Hull be happy to have it ex¬ 
plained. 

Tutor. It will be neceflary firft to 
inform you, that the orbits or paths de- 
fcribed by the revolution of the planets 
round the fun, are not true circles (as Plate 
II. fig. 2 .) but fomewhat elliptical, that 
is, longer one way than the other, as 


Pupil. This is exceedingly plain. 

Tutor. In a circle, the periphery or 
circumference is equally diftant from a 


point 
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point within called its center, as A ; but 
an ellipfis has two points called the 
focufes or foci, as B C. In one of 
thefe, called its lower focus, is the fun: 
fo that you fee in every revolution of the 
planet it mull be nearer to the fun in 
one part of its orbit, than it is in ano* 
ther. 

Pupil. I fee it clearly. 

Tutor. Nov/ let S (Plate II. fig. 4.) 
reprefent the fun, A B C D a planet in 
different parts of its orbit ; when it is 
neareft to the fun, as at A it is faid to 
be in its -perihelion; when at B its aphe¬ 
lion ; but when at C or D its middle or 
mean diftance, becaufe the diftance S C 
or S D is the middle between A S the 
leaft and B S die greateft diftance; and 
half the diftance between the two focufes 
is called the eccentricity of its orbit, as S E 
or E F. 

Pupil. This I will endeavour to 11 n - 
derftand; but I find it will take me fome 
time to be perlefted in it. 

Tutor. You may ftudy it at your 
Da leifure. 
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leifure, as it will not prevent our pro¬ 
ceeding to the thing propofed, namely, 
the laws which govern the motion of the 
planets, or attraction of gravitation. 

Pupil. By attraction I think you mean 
that property in bodies whereby they have 
a tendency to approach each other. I 
remember you told me that the magnet I 
had the other day attracted the needle. 

Tutor. Yes. And you may recolleCt 
that when 1 took a feather fufpended by 
a thread, and put it near the conductor of 
the electrical machine, it was ftrongly at¬ 
tracted by it, and adhered to it as long as 
the machine was kept in motion. 

Pupil. I remember it well. But what 
am I to underftand by attraction of gra¬ 
vitation ? 

Tutor. The fun, being the largeft 
body, attracts the earth and all the other 
planets, they gravitate or have a tendency 
to approach the fun; the earth being 
larger than the moon attracts her, and (lie 
gravitates towards the earth ; the planets 
are attracted by and gravitate towards 
a each 
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each other; a ftone when thrown from 
the earth, by its attraction and the gravi¬ 
tating power or weight of the ftone, is 
brought to the earth again; the waters in 
the ocean gravitate towards the center of 
the earth; and it is by this power we 
ftand on ail parts of the earth with our 
feet pointing to the center. 

Pupil. This information affords me 
great pleafure. 

Tutor. Having mentioned attraction 
of magnetifm, electricity, and gravitation, 
it may not be arnifs to inform you of ano¬ 
ther kind, called attraction of cohefion. 

Pupil. Any thing which tends to my 
improvement, I fhall be obliged to you to 
communicate. 

T utor. By attraction of cohefion is 
meant that property in bodies which con¬ 
nects or firmly unites the different par¬ 
ticles of matter of which the body is 
compofed. 

Pupil. Pray, Sir, inform me what you 
mean by the laws of attraction ? 

. D 3 T utor. 
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Tutor. You are to underftand, lit. 
That at'raHion decreafes as the Jquares of 
the difances' between the centers of the at¬ 
tracting bodies increaje. 

Pupil. I muftbegyou, Sir, to explain 
to me the meaning cf the fquares of the 
diffances. 

Tutor. Any number multiplied into 
itfelfisa fquare number, thus x is the 
fquare of 1; 4 is the fquare of 2; 9 is the 
fquare of 3, and fo on, becaufe 1 multi¬ 
plied into itfelf is 1 ; 2 by 2 is 4; 3 by 3 
is 9, &c. No*'fuppofe, that when the 
planet is at B (Plate II. fig. 4.) it is twice 
as far from the fun as it is at A : how 
much more will it be attracted by the 
fun at A than at B ? 

Pupil. You fay, Sir, that the diflance 
is twice as great at B as at A ? 

Tutor. I do. 

Pupil. Then as the fquare cf the dif- 
tance 2 is 4, the decreafe of attraction at 
B, the planet at A will be attracted with 
four times the force it would be at B.— 
Am I right. Sir ? 


Tutor, 
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Tutor. Perfectly fo. And if the 
diftance at B were three times as great as 
at A, it would be attracted with a force 
nine times as great. 

Pupil. I perceive it muft be fo. 

Tutor. I Hull now give you the ad 
law, namely, That bodies a*.trail one another 
with forces proportionable to the quantities of 
matter they contain. 

Pupil. Do all bodies of the fame mag¬ 
nitude contain equal quantities of mat¬ 
ter ? 

Tutor. No, certainly: For a ball of 
cork may be as large as one of lead, and 
yet not contain the fame quantity of mat¬ 
ter, becaufe it is more porous, and not fo 
compact or denfe a body as the lead; 
neither will a ball of lead of the fame mag¬ 
nitude as one of gold contain an equal 
quantity of matter.—So the fun, though 
a million of times as big as the earth, con¬ 
tains a quantity of matter only aoo,ooo 
as great, therefore attracts the earth with 
a force aoo,oco as great as the earth at¬ 
tracts him. 

D 4 


Pupil. 
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Pupil. I think this is clear. 

Tutor. We will now fuppofe that 
in the river are two boats of equal bulk, 
at the diftance of twenty yards from 
each other, and that a man in one boat 
pulls a rope which is fattened to the 
other, what effect will be produced, or 
w'here do you think the boats will meet ? 

Pupil. Had you not told me that bo¬ 
dies attraft one another with forces which 
are proportioned to the quantities of mat¬ 
ter they contain, I Ihould fay the boat to 
which the rope is fattened would come 
to that in which the man ftands: but as I 
imagine you mean to apply this to at¬ 
traction, by the above rule, they will 
meet at a point which is half way between 
them. 

Tutor. If one boat were three times 
the bulk of the other, how then ? 

Pupil. The lighteft would move three 
times as far as the heavieft, or 15 yards 
whilft the heavieft moved only 5. 

Tutor. Upon my word you reafon 

philofo- 
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pfrflofophically. In both cafes you are 
perfectly right. 

Pupil. As the fun is 1 fo immenfe a 
body that his quantity of matter is fo 
much greater than the planets, I am at a 
lofs to know why they are not by the 
power of attraction drawn to him. 

Tutor. And fo they would if the at¬ 
tractive power were not counterated by 
another of equal force. 

Pupil. Did you not fay, Sir, that the 
planets are kept in their orbits by at- 
tration ? 

Tutor. I did. But you find that by 
attration only the fun would draw all the 

planets to himfelf. 

Pupil. That is evident. But I wifh. 
to know what this counterating power 
you fpeak of is ? 

Tutor. I will tell you prefemly.— 
You mult remember that all fmple mo¬ 
tion is naturally rectilineal, that is, all bo¬ 
dies, if there were nothing to prevent them, 
would move in ftrait lines. 

D5 


Pupil. 
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Pupil. Then as the planetary mo¬ 
tion is circular, it cannot be fimple ? 

Tutor. No, It is a compound of the 
two forces I have been mentioning: the 
one is called the attractive or centripetal 
force; the other, the projeCtile or centri¬ 
fugal force. 

Pupil. The former I clearly compre¬ 
hend, but not the latter. I can conceive, 
that if two bodies approach each other 
by attraction they muft move in a right 

line. 

Tutor. If you Ihoot a marble on a 
fmooth piece of ice, in what direction will 
it run ? 

Pupil. Strait forward. 

Tutor. This is a projectile force.— 
Could you, do you think, Ihoot it in any 
other direction ? 

Pupil. No, Sir. 

Tutor. Then is not this motion alfo 
reftilineal ? 

Pupil. It is. 


Tutor. 
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Tutor. When you ftrike a ball with 
your cricket-bat, or throw a ftone with 
your hand, is it not projected or thrown 
forward by the force of the bat or 
hand ? 

Pupil. Certainly. 

Tutor. And does it not move in a 
ftrait line ? 

Pupil. At firft it appears to do fo; 
but afterwards it inclines towards and falls 
to the earth. 

Tutor. Cannot you account for this ? 

Pupil. I fuppofe it niuft be drawn to 
the earth by attraction. 

Tutor. You are right. The attrac¬ 
tion of the earth, and the reliftance of the 
atmofphere or air through which it moves, 
retards its progrefs, or it would conti¬ 
nue moving in a ftrait line, with a velo¬ 
city equal to that which was at firft im- 
preffed upon it. In like manner the be¬ 
neficent Creator of the Univerfe impreff- 
ed a force on all the planets which fhould 
be equal to that of the attractive power 
D 6 of 
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of the fun, that one might not overcome 
the other. 

Pupil. This wants explaining. 

T utor. I would willingly gratify you, 
but as I have much more to fay on the 
fubjedt, I fear it will be too great a burthen 
on your memory; it will therefore be 
better to poftpone it. 

Pcpil. As you pleafe. Sir. 


D I A- 
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DIALOGUE VII. 


Tutor. 

H AVING at our lafi: meeting expkin- 
. ed to you the nature of the attraftive 
and projeftile forces, I fhall proceed to 
fliew you that it is by the joint aftion or 
combination of thefe two forces that the 
planets are retained in their orbits. 

Pupil. I am all anxiety, as I wilh to 
be informed how, or in what manner 
they can aft againft each other, to produce 
that efreft. 

Tutor. Anfwer me a few queftions, 
and you will foon kno\v. 

Pupil. As many as you pleafe, Sir. 

Tutor. If you whirl a ftone in a fling, 
what will be its motion ? 

Pupil. Circular. 


Tutor. 
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Tutor. If you let it fuddenly flip out 
of the fling, will it continue its circular 
motion ? 

Pupil. No, Sir, but fly oft in a ftrait 
line. 

Tutor. This line you mull remem¬ 
ber is what mathematicians call the tan¬ 
gent of a circle, as A a , B &c. 
(Plate II. fig. 5.), for all bodies moving in 
a circle have a natural tendency to fly off 
in that direction. Thus a body at A 
will tend towards a ; at B towards 1 >, 
and fo on; but the central force adting 
againft it preferves its circular motion. 

Pupil. By the central force here you 
mean the action of the hand, do you 
not ? 

Tutor. Yes. For, as foon as the 
done is releafed and that power is loft, 
it aflumes its natural, that is, its rectili¬ 
neal motion.—-Again. If you are left at 
liberty, cannot; you run ftrait forward ? 

Pupil. Yes, Sir. 

Tutor. Now, fuppofe one. of your 

com- 
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companions were to fallen a rope round 
your body, and at the extent of it were to 
ftand Hill and hold it tight, with a force 
equal to that with which you run, could 
you, do you think, move in a ftrait line, 
that is, in a tangent of a circle ? 

Pupil. No, Sir. I muft run in a cir¬ 
cle. 

Tutor, Why? 

Pupil. Becaufe, whilft the rope is ex¬ 
tended I am prevented running in any 
other direction. 

Tutor. Juft fo it is with the planets: 
the attractive or centripetal force of the 
l'un being equal to that of the projec¬ 
tile or centrifugal force of the planets,, 
they are by attraction prevented moving 
on in a ftrait line, and, as it were, drawn 
towards the fun; and by the projectile 
force from being overcome by attraction. 
They muft therefore revolve in circular 
orbits. 

Pupil. What I have fo long wiflied 
is now accomplilhed. I underftand it 
perfectly. 


T UTOR. 
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Tutor. What I have now explained 
relates not only to the primary planets 
which have the fun for their center of 
motion; but, you muft remember that 
the fecondary planets are governed by 
the fame laws, in revolving about their 
refpective primaries; for, as by the at¬ 
tractive power of the fun combined with 
the projeCtile force of the primary pla¬ 
nets they are retained in their orbits; fo 
alfo the aCtion of the primaries upon 
their refpeCtive fecondaries together with 
their projeCtile force, will preferve them 
in their orbits. 

Pupil. Pray, Sir, what have you elfe 
to obferve ? 

Tutor. Have I not told you that the 
orbits of the planets are not true circles, 
but a little elliptical ? 

Pupil. Yes, Sir; and I lhall be glad 
to know the reafon of it. 

Tutor. If the attractive power of the 
fun were uniformly the fame in every 
part of their orbits they would be true' 
circles, and the planets would pafs over 

equal 
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equal portions of their orbits in equal 
times; that is, they would move from 
B to C, (Plate II. fig. 5.) in the fame 
time as from A to B, &c. 

Pupil. That is clear, but as their or¬ 
bits are elliptical, when the planets are 
fartheft from the fun, the velocity with 
which they move mud be leflcned as the 
attra&ion is decreafed. 

Tutor. And they mud confequently 
pais over unequal parts of their orbits in 
equal portions of time. And, as a double 
’velocity will balance a quadruple or fourfold 
power of gravity or attraction , it follows, 
that as the centripetal force is four times 
as great at A as at B (Plate II. fig. 4.) 
the centrifugal force will be twice as 
great, and would carry a planet from 
A to a in the fame time it would from 
B to by and in its orbit from A to c as 
foon as from B to d, and thereby de- 
fcribe the area, or fpace contained be¬ 
tween the letters AS c, in the fame time 
as the area or fpacc BS^. For accord¬ 
ing to the laws of the planetary motions, 
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in their periodical revolutions, they al¬ 
ways clejcrihe equal areas in equal times. 

Pupil. The orbits of the comets be¬ 
ing very elliptical, the irregularity of 
their motions muft be exceedingly great. 

Tutor. Great, indeed ! — One cf them 
paffed fo near the fun as to acquire a 
heat which Sir Ilaac Newton computed 
to be two thoufand times hotter than red 
hot iron.* 

Pupil. Aftoniihing! If they pafs fo 
near the fun, the centripetal force mull 
a< 5 t powerfully on the body of the co¬ 
met. 

Tutor. And that force, you know, 
muft be equalled by the projectile force; 
fo you find they move when near the fun 
with amazing celerity.-—But when arriv¬ 
ed at their aphelion, where the influence 
of the fun is weak, what a tranfition! 

Pupil. Wonderful, indeed !—Their 
motion is exceffively flow, and the fun 

* Dr. Herfchel is of opinion, that bodies near the fun 
do not acquire fo great a degree of heat as has been ge¬ 
nerally imagined. 

muft 
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nmft appear little more than a fixed 
flar. Surely they cannot be inhabited, 
can they ? 

Tutor. We cannot fpeak pofmvely ; 
but, as they differ fo much from the pla¬ 
nets, which we have reafon to fuppofe 
are fo, it is imagined they are defigned 
for fame purpoie unknown to tis. 

Pupil. When is the earth in its peri¬ 
helion ? 

Tutor. In December; and our futu¬ 
rner half year is longer than the winter 
half, by about eight days. 

Pupil. I fuppofe this is occafioned by 
the inequality of the earth’s annual mo¬ 
tion. 

Tutor. It is; and this inequality is 
the caufe of the difference of time be¬ 
tween the fun and a well regulated clock; 
the latter keeps equal time, whilft the 
former is conflantly varying. 

Pupil. I have often feen in the alma¬ 
nack clock faff, clock flow, but did not 
know the meaning of it: I imagine it is 
that the clock mould be fo much fafter 

or 
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or flower than the time by the fun as is 
there mentioned. 

Tutor. It is: but there are tables cal¬ 
culated to fhevv the. difference of time 
for every day in the year; fo that if you 
know the exa<ft time of the day by the 
fun, and have one of thefe'tables, you will 
fee what the time fhould be by the clock, 
to a lecond, which is not fliewn in a 
common almanack. 

Pupil. In fpeaking of the annual or 
yearly motion of the earth, you have no 
where mentioned the caufe of the feafons; 
will it be agreeable to do it now, Sir ? 

T utor. The viciffitudes of the feafons, 
the caufe of day and night, &c. fhall be 
the fubjedt of future leffons: we fhall find 
fufficient to employ us at prefent. 

Pupil. I think you told me juft now 
that the earth is neareft the fun in De¬ 
cember ; that is our winter; this feems a 
little myfterious. 

Tutor. It may appear fo to you now, 
by-and-by you will be of a different opi¬ 
nion. 
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nion. I fhall explain this matter to you 
with that of the feafons, &c. 

Pupil. I fear I have interrupted you.— 
As you faid you had fufficient employment 
for us, I fhall be glad to know what it 
is. 

Tutor. Hitherto I have fpoken of 
the fun’s being fixed, and that the planets 
revolve about him as a center. Inftead 
of which the fun and planets move round 
one common center, called the center of 
gravity. • 

Pupil. What is this center of era- 

O 

vity ? 

Tutor. Have you never feen a per- 
fon raile a heavy weight by means of a 
long pole or leaver, which it was not in 
his power to lift without it ? 

Pupil. Yes, Sir, and it excited my 
aftonifhment. 

Tutor. Now, fuppofe the weight to 
be raifed to be io Cwt. and the prop on 
which the leaver refted i foot from the 
body to be raifed; and the perfon at the 
other end of the leaver 10 feet from 

the 



[ 7 ° ] 

the prop; with what weight mull he prefs 
to raife the i o Cwt. ? 

Pupil. I think that very eafy; for, as 
he is ten times as far from the prop as 
the weight is, a preflfure of i Cwt. which 
is one-tenth of the weight to he railed 
will do it. 

Tutor. To be fare and yet you fay 
you were aftonifhed when you faw it! 
Every thing we do not underftand at firffc 
appears difficult.—To apply this to our 
prefent purpofe. You fee tlfkt a weight 
of i Cwt. at io feet from a prop, will ba¬ 
lance another of io Cwt. at one foot from it. 
Now, inftead of a prop let the two weights 
be nicely poiled on a center, round which 
they may freely turn ; the heavieft would 
move in a circle, whofe radius, or dif- 
tance from the center would be one foot, 
whilft the lighted: would move in one 
io feet from the center in the fame time. 

Pupil. Is the center round which they 
move the center of gravity ? 

Tutor. It is ; and n und an imaginary 
point as a center the fun and planets 

move. 
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move, always preferving an equilibrium. 
If the earth were the only attendant on 
the fun, as his quantity of matter is 
aoc,ooo times as great as that of the 
earth, he would revolve in a circle a 
200,oocth part of the earth’s diftance from 
him, in the fame time as the earth is mak¬ 
ing one revolution in its orbit, or in one 
year; but, as the planets in their orbits 
mtift vary in their pofitions, the center 
of gravity cannot be always at the fame 
diftance from the fun. 

Pupil. If it were, the balance could 
net be preferved. 

Tutor. Clearly fo. But you rnuft 
know that the quantity of matter in the 
fun fo far exceeds that of all the planets to¬ 
gether, that even if they were all in a 
line on one fide of him he would never 
be more than his own diameter diftant 
from his center of gravity; therefore, 
aftronomers confider the fun as the cen¬ 
ter of the fyftem, and exprefs themlelves 
accordingly. 

Pupil. As you told me the fecondary 

planets 
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planets are governed by the fame laws 
as the primaries, I imagine they alfo 
with their primaries move round a center 
of gravity. 

Tutor. They do fo.—The earth and 
moon, Jupiter with his fatellites, Saturn 
and his attendants, revolve about their 
relpe&ive centers j thefe, with the fun 
and the reft of the planetary fyftem, 
make their circuits round their center; 
every fyftem in the univerfe is fuppofed 
to revolve in like manner; and all thefe 
together to move round one common cen¬ 
ter .—How are we loft in contemplating 
the omnifcience of the Deity ! How f dif¬ 
ficult to conceive fo many millions of 
bodies of dead matter conftantly in mo¬ 
tion, fo nicely balanced and governed by 
fuch unerring laws !—Well may we fay 
with the Pfalmift, “ Lord! how manifold 
■are thy works, in wifdom haft thou made 
them all.” 


DIA. 
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DIALOGUE VIII. 


Tutor. 

J Shall now, agreeably to my pro mile, 
explain to you the caufe of day and 
night, and then proceed with the viciffi- 
tudes of the feafons. 

Pupil. That is what I much wilh to 
know; and had you not told me that the 
earth moved round the fun every year, I 
fiiould have found no difficulty in account¬ 
ing for the fucceffion of day and night, 
fince the fun appears to rife and fet every 
day. 

Tutor. That is true; but I think I 
mull: have convinced you that fo immenfe 
a body as die fun cannot revolve about 
the earth; as well may you fuppofe that 
in roafting a bird it is necefiary that the 
fire fhould move round it. 

E 


Pupil. 
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Pupil. That I think would be very 
abfurdj as it is much eafier for the bird on 
the fpit to turn to the fire, than for the 
fire to go round the bird. 

Tutor. You are certainly right j and 
if the earth revolve on it ax is every 
twenty-four hours, will not the different 
parts of it be alternately turned to the fun, 
as the bird on the fpit is to the fire ? 

Pupil. I do not clearly comprehend 
what you mean by the axis of the earth ; 
for, as it moves in open fpace and has no 
fupport, it can have nothing to refemble 
the fpit on which it turns. 

Tutor. Certainly not. By the earth’s 
axis is meant an imaginary line palling 
through its center, on which it is fuppofed 
to turn; as your ball if rolled on the 
ground would revolve on an axis whilft it 
was moving forward. 

Pupil. I can now anfwer your queftion 
in the affirmative: and, as our year con- 
fifts of 365 days, I imagine the earth muft 

make 
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make as many revolutions on its axis 
whilft it is going once round the fun. 

Tutor. Undoubtedly: and as only 
one half of a fpherical body can at any 
time be enlightened by a luminous body, 
that part of the earth only which is turned 
to the fun, can receive the benefit of his 
enlivening rays, when it will be day ; 
whilft the oppofite part will be involved in 
darknefs, and it will be night. 

Pupil. I perceive it muft be fo. But, 
if the earth move in the manner you de~ 
lcnbe, I cannot conceive how it is that 
we are not fenfible of its motion. 

Tutor. If the motion of the earth 
were irregular it would be perceptible; 
but as it meets with no obftruCtion the 
motion muft be fo uniform as not to be 
perceived. 

Pupil. Had I recollected this, I need 
not have given you this trouble.—But I 
am continually meeting with frefh diffi¬ 
culties. 

Tutor. You have only to mention 
E 2 what 
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what they are, and I lhail take a pleafure 
in removing them. 

Pupil. 1 thank you, Sir; and fha!l be 
obliged to you to inform me, how the 
motion of the earth can caufe the fun to 
appear to move ? 

Tutor. When in a carriage which 
went fmoothly on the road, or in a boat 
whole motion was fcarcely perceptible on 
the water, did you never fix your atten¬ 
tion on the objedts you palfed ? 

Pupil. Yes, often. Sir. 

Tutor. And had you not known that 
you really moved, and that the trees, &c. 
were immoveable in the ground, what then 
would have been your opinion ? 

Pupil. That the trees, &c. moved in 
a diredtion contrary to that in which I 
was moving. 

Tutor. Is not this fufficient to con¬ 
vince you that the apparent motion of 
the fun may be occafioned by the revo¬ 
lution of the earth on its axis ? 

Pupil. It is:—But if lo large a body 

as 
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as the earth make a revolution on its axis 
in 24 hours, it muft move with great ve¬ 
locity. 

Tutor. It does fo; and the inhabi¬ 
tants of London by this motion are car¬ 
ried at the rate of 560 miles an hour *. 

Pupil. What an aftonilhing rapidity! 

Tutor. Now, the fun with the reft of 
the heavenly bodies muft move round the 
earth, or the earth muft revolve on its 
axis in 24 hours, to caufe that appear¬ 
ance. 

Pupil. That is plain. 

Tutor. Well then, great as you may 
fuppofe the velocity of the earth on its axis 
to be, if the fun move round the earth his 
hourly motion will be nearly 25 millions 
of miles ; and beyond conception would 
be that of the fixed liars. Which now 
do you think is molt probable, that the fun 
and ftars lhould move round the earth, or 
that they, by the fimpie motion of the 
earth, lhould appear to be in motion ? 

* Tile hourly motion under the equator is 900 miles* 

E 3 Pupil. 
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Pupil. The latter, to be fure. Sir.— I 
have one difficulty remaining, which is 
this; if a lark rife from a field near 
London f nd remain in the air a quarter of 
an hour, if the earth move at the rate of 
560 miles an hour, it will go 140 miles 
whilfl: the lark is liifpended, and yet it 
continues over the field,—how can this 
be ? 

Tutor. This objection to the motion 
of the earth has been made by thofe who 
were older and who thought themfelves 
.wifer too than yourfelf. They either did 
not know or did not confider, that the at- 
mcfphere which furrounds the earth is a 
part of itfelf, and gravitates towards it, 
and therefore partakes of the earth’s mo¬ 
tion and carries the lark along with it. 
Befides, as the Sun, Mercury, Venus, 
Mars, and Jupiter are known to revolve 
on their axes, we have reafon to fuppofe 
that the other planets, together with the 
earth, muft have the fame motion *. 

* Dr. Herfchcll fays that feveral of the fixed ftars re¬ 
volve on their axes. 

Pupil. 
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Pupil. How is it known that they do 
revolve on their axes ; and in what time 
do they perform their revolutions ? 

Tutor. By the afliftance of telefcopes 
dark fpots have been feen on the difk of 
the fun, by the motion of which it is 
found that he revolves on his axis in 25 £ 
days i Venus performs her diurnal rcvolu- 

ho. min. 

tion in about 23.215 Mars goes round 

ho. min. ho. min. 

his axis in 24.39; and Jupiter in 9 . 56; 
as to the reft, no fpot or any fixed 
point has been difcovered to afcertain the 
length of their day ; Mercury being too 
near the fun, and Saturn and the Geor- 
gium Sidus too remote for our obferva- 
tions. 

Pupil.' I can no longer doubt of the 
earth’s motion: and, if it will not be im¬ 
proper, a defcription of the atmoiphere will 
give me pleafure. 

Tutor. That I can have no objection 
to. The atmoiphere is a thin, invifible 
fluid, moft denfe or heavy near the earth, 
E 4 but 
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but grows gradually rarer or lighter the 
higher we afcend; fo much fo, that at the 
tops of fome high mountains it is difficult 
to breathe. It ferves not only to fufpend 
the clouds, furniffi us with wind and rain, 
and anfwer the common purpofes of 
breathing, but is alfo the caufe of the 
morning and evening twilight, and of all 
the glory and brightnefs of the firma¬ 
ment. 

Pupil. How, pray ? 

Tutor. If there were no atmofiSnere, 
the fun would yield no light but when 
our eyes were directed towards him; and 
the heavens would appear dark and as full 
of liars as on a dark winter’s night; but 
the atmofphere being Itrongly illuminated 
by the fun, reflefts the light back upon us, 
and makes the whole heavens to fhine fo 
lirongly, that the faint light of the liars 
is obfcured, and they are rendered invi- 
fible. 

Pupil. I find then the atmofphere is 

of 
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of more li e than I imagined. But hovr 
is it the caufe of the twilight ? 

Tutor. The atmoiphere is about 45 
miles above the fur face of the earth, there¬ 
fore the fun’s rays falling upon the higher 
parts of it before rifing, by reflexion 
caufes a faint light,, which increajfes till he 
appears above the horizon > and in the 
evening it decreafes after he fets, till he 
is 1 8 degrees below the horizon, where the 
morning twilight begins, and the evening 
twilight ends. 

Pupil. By the horizon, I think you 
mean that diftant boundary of our fight 
where the heavens and the earth feem 
to join all around us, as it appears from an 
eminence. 

Tutor. The very lame. ’Tis that 
imaginary circle which intercepts from 
our view the fun, moon, and ftars each 
night; and when,, by the rotation of the 
earth, they appear to defeend below it, 
we fay they are fet; as on the contrary, 
each morning, when they appear above it,, 
we fay they rife. 

ES 
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u To find the fpacious line, caft round thine eyes, 
tc And where the earth's high fqrface joins the ikies, 

4t Where ftars firft fet, and firft begin to ihine, 

4< There draw the fancy'd image of this line.” 

Pupil. A very pleafing defcription, 
indeed. 

Tutor. You will remember that this 
is called the rational horizon ; but that 
which refpedts land and water is called 
the JenJible horizon. The former divides 
the heavens into two equal parts, and is 90 
degrees diftant from a point diredtly over 
our heads, called the zenith, and the op- 
pofite point of the heavens diredtly under 
our feet, called the nadir .—But I mull 
refume the fubjedt of the atmofphere. 

Pupil. Had I not thought you had 
finilhed your defcription of the atmo¬ 
fphere, I fhould not have prefumed to in¬ 
terrupt you. 

Tutor. What I have told you re- 
fpedting the horizon is necefiary for you 
to be acquainted with; therefore, the 
fulpenfion is immaterial.—You muft, I 
a make 
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make no doubt, have oblerved the fun 
and moon at rifing and fetting to appear 
larger than when higher above the hori¬ 
zon. 

Pupil. I have, frequently, Sir. 

T utor. And cannot you tell the rea- 
fon of it ? 

Pupil. No, Sir. 

Tutor. The reafon is this: In view¬ 
ing them, when near the horizon, you fee 
them through a thicker medium than 
when they are higher, that is, you fee 
them through a greater quantity of the 
atmofphere; and you not only fee them 
larger, but really above the horizon whilft 
they are actually below it. 

Pupil. How do you account for this. 
Sir ? 

Tutor. Light, like material bodies, 
if it meet with no obftru&ion, will move 
in right lines j now, the rays of the fun 
in coming to the earth muft pafs through 
a great quantity of the atmofpiere, which 
being a fluid, refra&s or bends the rays of 

E 6 light. 
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light, by which refradtion it is that we are 
favoured with the fight of the fun 3$ mi¬ 
nutes every morning before he riles above 
the horizon, and every evening after he 
finks below it, which in one year amounts 
to more than 40 hours. This refradlion 
is greateft near the horizon, and ends in 
the zenith. 

Pupil. Pray, Sir, can you make this 
clearer by an experiment ? 

Tutor. I have juft thought of one. 
Take a bafon filled with water, and a 
ftrait flick or piece of wire ; put it per¬ 
pendicularly into the water, that is, that it 
lean neither way, and there will be no re- 
fradlion; incline it a little towards the 
edge of the bafon and it will appear a 
little bent at the furface of the water; 
incline it ftill more, and the refradtion will 
be greater. 

Pupil. 1 have often feen this appear¬ 
ance when I have put my flick into 
water, but did not before know the 
caufe. 


Tutor, 
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Tutor. You may try one more expe¬ 
riment. Pour the water out of the bafon, 
and fet the bafon on the floor; put a 
guinea into it, and let itreprefent the fun. 
—Why do you fmile ? 

Pupil. Becaufe 1 have not the fun’s 
rcprefentative to try the experiment with. 

Tutor. Well, well, put a fhilling into 
the bafon and call it the moon, and it will 
anfwer the fame purpofe:—Waik back¬ 
ward till you juft It fe fight of it, then the 
right line from your eye continued over 
the edge of the bafon muft pals beyond 
the money at the bottom of it. 

Pupil. That is evident. 

Tutor. Keep your pofition, and de r 
fire fome friend to pour the water gently 
into the bafon fo as net to remove the 
money, and you v\ ill clearly diftinguifli 
it. Now, if you call the edge of the ba¬ 
fon the horizon, the water the atmofphere, 
and the fhilling the moon, is it not clear 
that you will fee it above the horizon, 
when it is really below it ? 


Pupil. 


Pupil. I think fo, Sir. 

Tutor. Well, try the experiment, 
and let me know the refult when I next 
lee you. 
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DIALOGUE IX. 


Tutor. 

I Prefume, Sir, you have made the ex¬ 
periment I recommended to you. 
Pupil. I have. Sir; and am fo well 
convinced of what you told me, that no¬ 
thing farther need be faid on the fub- 
je&. 

Tutor. As that is the cafe, I lhall 
proceed.—I dare fay you do not forget 
what the plane of the ecliptic is. 

Pupil. I do not. Sir j but have a per- 
fedt recollection of it. 

Tutor. Now, remember, that the 
axis of the earth is not upright or. perpen¬ 
dicular to the plane of the ecliptic, but 
inclines to, or leans towards it, 23! de¬ 
grees, 
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grees, and makes an angle with it of 66f 
degrees. 

Pupil. An angle fignifies a corner; 
but that cannot be the meaning here. 

Tutor. That is what is generally un- 
derftood by an angle: but, in geometry,, 
it means the meeting of any two lines 
which incline to one another, in a certain 
point. Now, if you conceive the axis 
of the earth to be one line, and the plane 
of the ecliptic the other, the point where 
they meet or crofs each other will form an 
angle. 

Pupil. I think I underftand it; but 
how can it contain 23! or 66$ degrees ? 

Tutor. You know what a degree is. 

Pupil. If I remember right it is the' 
360th part of a circle. 

Tutor.. Itisfo: and the meafure of 
an angle is an arc or part of the circum¬ 
ference of a circle, whofe angular point is 
the center: and fo many 360th parts as 
any arc contains, fo many degrees the 
meafure of the angle is faid to be; thus, 

ZCP 






/V//4' III 



T.dandtr Sculpt 





















. 



































f ] 

ZCP (Plate III. fig. i.) makes an angle 
of 23 1 degrees, becaufe the arc Z P con¬ 
tains 231 360th parts of the whole circle. 
Then if A B reprefent the plane of the 
ecliptic, and N C S the axis of the earth, 
as D N contains the fame number of de¬ 
grees as Z P, will not its inclination from 
a perpendicular be 23£ degrees ? 

Pupil. Nothing can be plainer. 

Tutor. For the fiime reafon, as PB 
contains 66 £ parts of the whole circle, the 
axis of the earth makes an angle of 66 £ 
degrees with the plane of the ecliptic. 
And, if you add 23! to 661 the fum will 
be 90, which is the meafure Z B, or the 
fourth part of the circle, and makes what 
is called a right angle, at the point or 
center C. 

Pupil. It is very clear: —but what 
do the other letters refer to ? 

T utor. The extremities of the earth’s 
axis are called the poles, N the north, 
and S the fouth pole, and P the north- 
pole ftar, to which, and to the oppofite 

part 
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part of the heavens, the axis always 
points. Thefe extremities in the hea¬ 
vens appear motion left, whilft all other, 
parts feem in a continual ftate of revolu¬ 
tion : the circle of motion appears to in- 
creafe with the diftance from the appa¬ 
rently motionlefs points to that circle in 
the heavens which is at an equal diftance 
between them, called the equinoctial, re- 
prefented by the letters IE Qj and is the 
fame I promifed fome time ago to explain 
to you. 

Pupil. I recolleCt it: and as the line 
A B reprefents the plane of the ecliptic, 
I fuppofe the line M Qjs the plane of the 
equinoftial, which I fee crolTes it as you 
then told me. 

Tutor. You are right: and it makes 
an angle with it of 23 k degrees. It is 
called the equinoctial, becaufe when the 
fun appears there, that is, in Aries or Li¬ 
bra, the days and nights are equal in all 
parts of the world, which I fhall (hew you 
in due time j and fhall now explain to you 
what I have juft mentioned, that the axis 

of 
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©f the earth always points to the fame parts 
of the heavens. I am apprehenfive you 
will think it ftrange that this fhould be 
the cafe, and the axis keep parallel to it- 
felf. 

Pupil. What am I to underftand by 
the axis being parallel to itfelf? 

Tutor. Two lines are faid to be 
parallel when they do not incline to but 
keep at equal diftances from each other j 
fo that if they were infinitely continued, 
they would never meet. Now, if you can 
conceive a line drawn parallel to the 
earth’s axis in any part of its orbit, it will 
be parallel to it in every other part of it. 
A little drawing I have by me, (Plate 
III. fig 2.) where the earth is reprefented 
in four different parts of its orbit, I think 
will make this plain to you. 

Pupil. I comprehend your meaning 
clearly. But, as the orbit of the earth is 
x 90 millions of miles in diameter, I have 
not the leaft conception how it can incline 
to the fame points. Had you not told 

me 


me to the contrary, I Ihould have thought 
it muft move round them in every re¬ 
volution of the earth about the fun. 

Tutor. That fuch a motion would be 
perceptible is evident, if the fixed ftars 
were near the earth; but, compared 
with their diftance, 190 millions of miles 
is but a mere point: therefore, the axis 
always inclines to the fame points of the 
heavens. 

Pupil. This is a greater proof of the 
inconceivable diftance of the ftars than 
what you mentioned before, and I 
thought that very aftoniftiing: 

Wonders on wonders conftantly arife, 

W hene’er we view the earth, or fea, or flcies. 

Tutor. It is very true. And the 
more we fe rch, the more we have caufe 
to admire the works of the Almighty. 

Pupil. Pray, Sir, what is the next 
thing you propole ? 

Tutor. To make you acquainted 
with the other circles you fee in the figure 
(Plate III. fig. 1.) as it is very necelfary 
you fnouid know them. 


Pupil. 
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Pupil. Will you be kind enough to 
tell nae their names, Sir, and I will en¬ 
deavour to remember them ? 

Tutor. That line which divides the 
globe into two equal parts, called rhe 
northern and fouthern hemifpheres, which 
anfwers to the equino6tial in the heavens, 
and is equally diftant from the two poles, 
is called the equator •> the other which 
crones it, as I before told you, is the 
ecliptic\ the fmaller circle, north of the 
equator, is the tropic of cancer ; that 
fouih of it, the tropic of capricorn ; the 
circles next the poles are called the polar 
circles ; or that next the north pole, the 
arctic circle , and that next the fouth 
pole, the antarRic circle\ each of which 
is 23^ degrees diftant from its refpeftive 
pole, as are the tropics from the equa¬ 
tor. 

Pupil. You have not mentioned rhe 
lines which crofs the other circles, and 
terminate in the poles; what are they 
called ? 

Tutor. They are called meridians , 

becaufe 
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becaufe when any of them, as the eartk 
revolves on its axis, is oppofite to the 
fun, it is mid-day or noon along that 
line. Twenty-four of thefe lines are 
ufually drawn cn the globe to correfpond 
with the twenty-four hours of the day; but 
you are not to fuppofe there are no more 
than twenty-four; for everyplace that lies 
ever fo little eaft or weft of another place 
has a different meridian.—To make this 
clearer to you, we will fuppofe the upper 
12 (Plate III. fig. i.) to be oppofite the 
fun, it will of courfe be noon along that 
line; the next meridian marked i, being 
15 degrees eaft, will have paffed the me¬ 
ridian 1 hour, confequently it will there 
be one in the afternoon, and fo on, ac¬ 
cording to the order cf the figures, till 
you come to the lower 12, which being 
the part of the earth turned directly from 
the fun, it will be midnight on that me¬ 
ridian; on the next meridian, as you 
proceed round, it will be one in the 
morning, the next two, and fo on till 
you arrive at the upper twelve, where 

you 
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you fet off. So you fee there mull be a 
continual fucceffion of day and night. 
This difference of time between places 
lying under different meridians is what is 
called longitude. 

Pupil. I think I have heard of a Mr. 
Harrifon, who made a time-keeper for 
determining the longitude. Shall I tref- 
pafs at all if I beg a little farther informa¬ 
tion on this fubjedt ? 

Tutor. It is my wilh at all times to 
fatisfy your curiofity, when I can do it 
with propriety. I fhall therefore comply 
with your requeft.—Mr. Harrifon’s time¬ 
keeper, and thofe made fince by other 
artifts, are fo conftrudted, that the heat 
and cold of different climates will not 
affedt them; for, all metals are more or 
lefs expanded by heat, and contradled 
by cold; for which reafon it is, that a 
clock or watch made in the ufual way 
will not keep equal time. Now, all that 
is required of thefe time-keepers to as¬ 
certain the longitude is this : Suppofe 
a captain of a veffel failing from London 

to 
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to the Weft Indies, we wilfiay King'flen, 
in Jamaica. On his paffage thither he 
makes an obfervation, and finds the fun 
on the meridian, or that it is twelve 
o'clock in that fitiiation, when by his 
time-keeper it is two in the afternoon in 
London, whence he concludes he is 30 
degrees weft of London, 

Pupil. I limit beg you to explain this 
to me, as I do not underftand why two 
hours of time fliould be equal to 30 de¬ 
grees of longitude. 

Tutor. You muft confider, that as 
the earth makes a complete revolution 
on its axis in 24 hours, it muft pafs over 
360 degrees in that time: now, if you 
divide 360 by 24, the quotient 15, will 
be the number of degrees pafTed over in 
one hour; 30 degrees will be equal to 
two hours, &c. The difference of time 
between London and his fituation is two 
hours, confequently the difference of lon¬ 
gitude muft be 30 degrees: and, it muft 
be weft, becaufe the fun had paffed the 
meridian of London; for, as the earth 

revolves 
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revolves from weft by l'outh to eaft, cne 
place which lies eaft of another muft 
come firft to the meridian or oppofite to 
the fun. Therefore, when longitude is 
reckoned from London, if the place lie 
eaft of that meridian the time will be be¬ 
fore ; if weft, after London. 

Pupil. I fee it clearly and as 60 mi¬ 
nutes make an hour, if I divide it by 15, 
the quotient 4 will be the minutes anfwer- 
ing to one degree. 

Tutor. You are right: and for the 
fame reafon, 4 feconds of time are equal 
to ore minute of longitude, which you 
know is the 60th part of a degree.—Our 
captain when arrived at Kingfton, finds 
the difference of time between it and 
London 5 ho. 6 min. 32 fee. Can you 
tell me the longitude of Kingftpn ? 

Pupil, If I bring the hours and mi- 
nutes to minutes, and divide by 4, the quo¬ 
tient I think will be degrees, will it not ? 

Tutor. It will: and the feconds of 
time divided by 4, will be minutes 
F of 
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of longitude. Now try if you can do 
it. 

Pupil. Five hours 6 minutes, mul¬ 
tiplied by 60 will be 306 minutes, this 
divided by 4, will give 76 degrees and 
2 over, which a is half a degree, or 30 
minutes: and 32 feconds of time divid¬ 
ed by 4, will be 8 minutes of longitude, 
the fum of which is 76 degrees 38 mi¬ 
nutes for the longitude of Kingfton. 

Tutor, Very well.—I have juft now 
thought of another method of reducing 
time to longitude, and longitude to time, 
which you may probably find eafier. 
However, when you are in pofleffion of 
both, you may ufe which you pleafe. 

Pupil. That which is eafitft muft, I 
think, be beft. 

Tutor. I will give it you, and let 
me have your opinion of it. 

To reduce time to longitude. 

Multiply the hours, minutes, and fe¬ 
conds of time by 15, or rather by the 
factors as they are called, namely 3 and 5, 
4 carrying 
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carrying one for 

every 

60 

in the minutes 

and feconds, and fetting 

down the re- 

mainder, thus : 




ha. 

min. 

fee. 


5 

6 

32 

difference of 



3 

time. 

15 

r 9 

36 




5 


Degrees 76 

38 

0 

longitude. 


Divide the degrees and minutes of Ion- 

O 

gitude by 5 and 3 and the quotient will 
be the difference of time. 

Pupil. I give this the preference. 

Tutor. As longitude is feldom men¬ 
tioned without being accompanied with 
latitude, that you may not be ignorant 
of its meaning when you meet with it, 
I lhall juft tell you that it is the diftance 
of any place from the equator, reckoned 
in degrees and minutes on the meridian, 
and is either north or foutli as the place 
lies north or fouth of the equator. The 
latitude of any place is equal to the ele- 
F 2 vation 
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vation of the pole above the horizon. 
The latitude of the heavenly bodies is 
reckoned from the ecliptic, and terminates 
in the artStic and antar&ic circles: and 
their longitude begins at the point Aries. 

Pupil. What is the meafure of a de¬ 
gree ? 

Tutor. A degree of latitude is 60 
geographical, or 69! Englifh miles: and a 
degree of longitude on the equator is 
equal to it, becaufe the equator as well 
as the meridians divides the globe into 
two equal parts. But a degree of longi¬ 
tude decreafes as you approach the 
poles: for at the poles the meridians 
meet in a point, confequently a degree 
there can have no dimenfion. To-mor¬ 
row I will (hew you the caufe of the fea- 
fons. 




DIA- 
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DIALOGUE X. 


P u p i r.. 

T Think, Sir, when you left me laft 
A night you told me our next bufinefs 
would be to explain the nature 'of the 
feafons ? 

Tutor. I did To, and am perfuaded 
you will find no great difficulty in com¬ 
prehending it.—Call your eye on the 
little drawing 1 gave you, (Pla'e III. 
fig. 2.) where the earth is reprefented as 
lituated at the four quarters of the year, 
namely, Spring, Summer, Autumn, and 
Winter.—But before we proceed to an 
explanation it will beneceflary to remark, 
that, in the little fcheme the eye is fup- 
pofed to be elevated above the plane of 
the earth’s orbit, and that we fee it very 
obliquely. The orbit by this means 
F 3 appears 
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appears very elliptical; and, the en¬ 
lightened hemifpnere, or that half of the 
earth which is turned to the fun in the 
fpring, and the darkened hemifphere, or 
that turned from him in the autumn, are 
there reprefented. 

Pupil. This I underftand. 

Tutor, Well then, we will begin with 
the fpring.—In this fituation of the earth 
the equator is exa&ly oppofed to the fun: 
and, as he always enlightens a hemif¬ 
phere, or half of its furface, his rays will 
reach to both-the poles; whence, from 
the diurnal revolution of the earth, the 
day and night arc equal all over the 
globe. 

Pupil. This I remember you told me 
happened when the fun was in Aries and 
Libra. The fun is now entering Aries:, 
and, as we are in the rays of the fun one 
half of the diurnal revolution, and in the 
lhadow of the earth, or dark, the other 
half, the day and night -mult be equal. 

Tutor. Certainly. And as the fun 
enters Aries in the equinoctial, it is then 

called 
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called the Vernal , that is. Spring Equinox. 
When the fun enters the oppofite fign 
Libra, the fame effects are produced, and 
it is then called the Autumnal Equinox. 

Pupil. You have paffedonfrom Spring 
to Autumn. 

Tutor. I have fo.— We will now re¬ 
turn, and trace the earth in its orbit from 
fpringcofummer.—You have already feen 
that the north and fouth poles are both 
enlightened, and that the day and night 
are equal at the equinoxes. If the axis 
of the earth were perpendicular to the 
plane of the earth’s orbit, this would con- 
Handy be the cafe, and we Ihould have 
no diverfity of feafons: for, the fun be - 
ing over the equator, the poles mint be 
perpetually enlightened, and ofcourfe we 
Ihould have equal day and night at all 
times of the year. 

Pupil. That is plain. I fuppofc then 
that it is to the inclination of the earth's 
axis we are indebted for the increafe and 
decreafe of days. 

Tutor. It is occafioned by the indi- 
F 4 nation 
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nation of the earth’s axis and its preferving 
its parallelifrn, which I explained to you 
laft evening.—As the fun is now in the 
firft point of Aries, the earth you know 
muft be in the beginning of Libra, it 
being the oppofite fign.—Now fix your 
attention on the fcheme, and imagine the 
earth to be advancing in its orbit through 
Libra, Scorpio, and Sagittarius: and at 
the firft degree of Capricorn give me 
your opinion of the earth’s pofition. 

Pupil. The north pole is turned to 
the fun, the fouth pole from him, and 
the tropic of Cancer is oppofite to him. 

Tutor. How many degrees are the 
tropics from the equator, or, in o:her 
words, what is the inclination of the earth’s 
axis ? 

Pupil. Twenty-three degrees and a 
half. 

Tutor. And ft) far are the rays of 
the fun caft beyond the north pole, and 
fall Ihort of the fouth pole: fo that the 
whole of the ardic circle is enlightened, 

and 
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and the antarctic circle involved in dark- 
nefs. 

Pupil, What cooclufion am I to draw 
from this ? > ^ * 

Tutor. That in the northern half of 
the globe it is the longed day, or. dim¬ 
mer, and in the fouthern half the fhort- 
eft, or.winter, whilft under the equator 
the days and nights are equal. 

PuprL. I ufed to think that when it was 
winter or fummer here it was fo in every 
part of the world. 

Tutor. You now find your miftake.. 
For as the earth is making its progrefs 
from Libra, the north pole is approaching . 
the fun, and the.fouth pole receding frpin 
him : confequently the length of the day 
is increafrng in the northern hemiiphere 
and decreafing in the fouthern.—The 
fun has now been three months above 
the horizon of the north pole, and the 
lame time below that of the fotith pole, 
and in three months more, when the 
earth arrives at Aries, the fcene will be 
F 5 reverfed; 


reverfed: the fun will be over the equa¬ 
tor, both poles will be again enlightened, 
and the day and night will be equal in 
every part of the globe. The fun will 
now be rifing to the fouth and fetting to 
the north pole. This is our Autumn. 

Pupil. And as the earth is advanc¬ 
ing towards winter, the fouth pole will 
be turning to the fun,- and the north pole 
from him, whence I conclude that when 
the earth is in Cancer it muft be fummcr, 
fouth of the equator, when it is our win¬ 
ter. 

Tutor. Moft affuredly. For you 
fee that the fun is over the tropic of Ca¬ 
pricorn, which you know is as much 
fouth of the equator as the tropic of 
Cancer is north of it,, where the fun was 
in our fummer. The antarftic circle is 
now enlightened, and the ardtic obfcured 
in fhade; but* under the equator there 
is neither increafe nor decreafe, the days 
and nights being each twelve hours. 

Pupil. It is now our winter,, the fun 
has been three months above the hori¬ 


zon. 
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zon of the fouth pole, and will continue 
fo till the vernal equinox, when he will 
again rile to the north pole, and fo on in 
regular fuccefiion. 

Tutor. It muft be plain then to you 
that there can be but one day and one 
night at each of the poles, reckoning the 
time the fun is above or below their re- 
fpedtive horizons; under the ardtic and 
antardtic circles, the longed day is twen¬ 
ty-four hours, and in the fherteft the 
fun is juft vifible in the horizon at noon. 
The longeft day decreales in length the 
nearer we approach the equator, where 
1 before obferved there is no variation, 
becaufe the circle bounding light and 
darknefs, in every pofition of the earth, 
divides the equator into two equal parts; 
and, it muft be obferved, that the longeft 
day and longeft night are equal to each 
other in every part of the globe. 

Pupil. If the longeft day under the 
arctic circle be juft twenty-four hours, 
the fun muft rife in the north. 

F 6 
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. Tutor. lie does fo, makes a com¬ 
plete circle and fets in the * north again, 
from the arctic circle to the equator, 
he riles north of the eaft and lets north 
of the well : at the equator he rifes due 
call and fets due weft, thence fouthward 
to the antanftic circle, he rifes fouth of 
the eaft, and fets fouth of the weft: and 
under the antarfUc circle, as I obferved 
juft now, he is viable in the horizon in 
the fouth at noon. 

Pupil, We ufually fay, the fun riles, 
in the eaft and fets in the weft. 

Tutor. At the equinoxes it muft be fo 
in all parts of the globe, the poles except¬ 
ed : in every other fituation, except un¬ 
der the equator, there is a continual 
change. What I have now told you, 
refpecting the northern liemifpherc, will 
be reverled. at our lhorceft day: that is, 
in the northern hemifphere the fun will 
rife fouth of the eaft and fet fouth of 

* Here it mull be obferved that there will be a little 
variation from fun-rift ng to fun-fetting, as the earth is 
sd.vancing. in its erbit. 
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the weft; and, in the fouthern hemifpherc 
the contrary, the fun will be in the hori¬ 
zon, at noon, under the arctic circle, and 
the day will be twenty-four hours under 
the antaritic circle. 

Pupil. Pray Sir, are the regions with¬ 
in the polar circles inhabited ? If they 
are, their fituation, in winter, mull, I 
think, be dreadful. 

Tutor. It is foreign to my prefent 
purpofe to fpeak of the inhabitants of 
the earth, as that more properly belongs 
to Geography. Thus much however I 
fiiall tell you, that, although it muft be 
very cold and dreary, they are not fo long 
deprived of light as you may imagine; 
for, even under the poles, when the fun 
is hidden from them, they are but a fhort 
time in rotal darknefs, for, you muft re¬ 
collect, that the twilight continues till the 
fun is eighteen degrees below the hori¬ 
zon; and the fun’s greateft depreffion, 
you know, can be but twenty three de¬ 
grees and a half, equal to the inclination 
of the earth’s axis. Befides this, the. 


moon 
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moon is above the horizon of the poles a 
fortnight together ; being half her period 
north, and the other half fouth, of the 
equator •, and, as the moon at full is in 
the fign oppofite to the fun, the tropical 
full moons mud be twenty-four hours 
above the horizon at the polar circles. 

Pupil. This defcription is very pleaf- 
ing, as I had no idea of their being fa¬ 
voured with fo much light in the abfence 
of the fun: and, I find, as the fun is lon¬ 
ger above the horizon in fummer than in 
winter, the moon, on the contrary, con¬ 
tinues longer with us in winter, when we 
raoft need her aliidance, than fhe does in 
fummer. 

Tutor. As you feem to underdand 
what I have been explaining, I {hall fliew 
you, that the reafon why it is hotted when 
we are farthed from the fun is, that in 
winter when we are neared to him the 
days are fhorter, his rays fall very obliquely 
on us, and are more difperfed than they 
are in fummer, when he not only re¬ 
mains longer above the horizon, but 

being 
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being higher, his rays fall more diredt on 
us, by which means the earth becomes fa 
much heated that it has not time in the 
fhort nights to get cold again.—When 
the earth is neareft the fun it is fummer 
in the fouthern hemifphere, therefore it 
is reafonable to fuppofe that the heat 
there muft far exceed ours in the lame 
latitude; but to counteraft this their 
fummer is fhorter by eight days than 
ours: and it is well known that it is much 
colder near the poles in the fouthern than 
in the northern hemifphere: but this is 
accounted for from there being more 
land to retain the heat in the latter than 
in the former. 

Pupil. My doubts on this head being 
now removed, I muft beg you to give 
me fuch other information as you may 
think proper. 

Tutor. As there are different degrees 
of heat and cold, the earth has been di¬ 
vided into five zones, namely, one torrid, 
two temperate, and two frigid zones. 

Pupil. 
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Pupil. How are they diftinguifhed ? 

Tutor. The torrid zone is all that 
fpaee furrounding the globe contained 
between the tropics, having the equator 
running through the middle of it. It is 
fo called on account of its exceflive heat, 
for, twice every year the fun is vertical 
to the inhabitants, that is, he fhines di¬ 
rectly on their heads, and caffs no fhadow, 
but under their feet, at noon. 

Pupil. We find it fometimes extremely 
hot here in our fummer; furely, in the 
torrid zone it muft be almofl infupport- 
able ? 

T utor. They are inured to it from their 
infancy. —But we are departing from our 
fubjeft.—The temperate zones are com¬ 
prehended between the tropics and polar 
circles, that between the tropic of Cancer 
and the arftic circle is called the north 
temperate zone, and that between the 
tropic of Capricorn and the antarftic cir¬ 
cle the fouth temperate zone. 

Pupil. I fuppofe they are called tem¬ 
perate 
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perate becaufe the heat is not fo intenfe as 
in the torrid zone ? 

Tutor. True. Neither is the cdd 
fo fevere as in the frigid zones, which are 
thofe regions comprized within the polar 
circles, and are denominated north and 
fouth, as they are contiguous to the north 
or fouth poles. 

Pupil. Why are they called frigid ? 

Tutor. They are called frigid or 
frozen zones, becaufe near the poles there 
are perpetual fields of ice, the heat of 
the fun, even in fummer, being infuffi- 
cient to dilfolve it. —Now try if you can 
tell me the breadth of each zone in de¬ 
grees. 

Pupil. The torrid zone being twenty- 
three degrees and a half on each fide the 
equator muft be forty-feven degrees, 
which muft alfo be the breadth of the 
frigid zones, as the polar circles are dif- 
tant twency-three degrees and a half from 
the poles, which are their centers. And, 
as from the equator to either pole is 
ninety degrees, from the equator to the 

tropics 
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tropics twenty-three and a half, and from 
the polar circle to the pole twenty-three 
and a half, if the fum of thefe,that is,forty- 
feven, be taken from ninety, the remainder, 
forty-three, will be the breadth of each of 
the temperate zones. 

Tutor. Very well. 

Pupil. From what von have told me 
I have no doubt but that the earth' is 
globular, but 1 have no proof of it: I 
muft therefore beg your affiftance. 

Tutor. That it cannot be an extended 
plane, as fome have imagined, is very evi¬ 
dent; for, if it were, the angle made with 
that plane and the north pole ftar would 
be always equal, for reafons I have be¬ 
fore given you : neither can it be cylin¬ 
drical, that is like a garden roller, as 
others have fuppofed.—If a perfon travel 
northward the pole ftar becomes more 
elevated, and if he could penetrate to the 
north pole of the earth the ftar would be 
in the zenith, or diredly over his head: 
on the contrary, if he travel lb nth ward, 
it is more and more depreflfed till he ar¬ 
rives. 
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jives at the equator, where the ftar is in' 
the horizon; as he proceeds it diiappears, 
and othes fturs rife to his view, invifible 
to us. Here then you fee it muft be cir¬ 
cular northward and fouthvvard. 

Pupil. I am convinced it muft be 
fo. 

Tutor. And it is as certain that it 
is fo eaft and weft : for, navigators have 
often failed round it fleering the fame 
cotirfe: that is, if they fail an eafterly or 
v/efterly courfe at letting off, by conti¬ 
nuing the fame courfe they will return to 
the port whence they departed. This 
you know they could not do if it were 
not round, any more than an infefl could, 
by crofting a round table, arrive at the 
place it fet out from j but, by going round 
the edge it would be ftill going forward 
and come again to the point it had left. 

Pupil. It is very evident. 

Tutor. Again. In every direction, 
if a fhip be feen at a diftance, the firft 
things obferved are the top-maft and rig¬ 
ging, whilft the hull or body of the fhip is 
hidden beh ind the convexi ty, that is round- 

' nefs. 
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nefs of the water, juft as you would lee a 
man coming over a hill, you would firft 
fee his head, he would be rifing more and 
more to your view till he arrived at the 
top, where he would be full in fight. 

Pupil. I am at a lofs to account 
for the convexity of the water. How 
can it’s furface be round ? 

Tutor. Have you never obferved 
the drops of water falling from the eaves 
ofahoufe? 

Pupil. Often, Sir. 

, Tutor. Of what lhape were they ? 

Pupil. Globular.— But what is the 
caufe of their being fo? 

Tutor. Attraction,—For as every 
particle of water which compofes the 
drop tends to the fame center, every part 
of the furface muft be equidiftant from 
the center, it muft therefore be fpherical. 
In like manner if you feparate quick - 
filver, each portion will form itfelf into a 
globe. 

Pupil. All this is very clear. And, 
for the lame reafon, the water in the ocean 

muft 
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muft be convex; for, I remember you 
told me that it gravitated towards the' 
center of the earth. 

Tutor. Once more.—I think you 
muft have feen an eclipfe of the moon. 

Pupil. I have, Sir. 

Tutor. Of what figure was the dark¬ 
ened part ? 

Pupil. Circular. 

Tutor. Take this ball, and hold it be¬ 
fore the candle between your finger and 
thumb, fo that the ftiadow may be thrown 
on the wall, and in all pofitions you will 
find it circular. 

Pupil. It is fo. 

Tutor. Apply this crown piece in the 
lame manner, with the fiat fide to the 
candle. 

Pupil. It is a circle. 

Tutor. Turn it a little obliquely. 

Pupil. It is now an ellipfis. 

Tutor. Now turn the edge to the 
candle. 

Pupil. The fhadow is a ftrait line. 

Tutor. 
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Tutor. You now fee that no other 
•body than that of a globe can in all pofi- 
tions caft a circular fhadow. 

Pupil. I do, Sir. 

Tutor. The darknefs cn the difc of 
the moon at the time of an eclipfe is the 
fhadow of the earth, which in all fitua- 
tions is circular; the earth, therefore, 
which cafts the fhadow, mult be a globe. 

Pupil. It mult be fo.—But- 

Tutor. The earth is mountainous.— 
It is fo: but remember that the higheft 
mountain bears no greater proportion to 
the bulk of the earth than the fmall irre¬ 
gularities on the .peel of an orange bears to 
that fruit: that obje&ion therefore is 
foon removed. And yet it is not a true 
fphere. 

Pupil. What then ? 

Tutor. A fpheroid, that is, it is a 
little flattened at the poles, and is in fhape 
not unlike an orange or a turnip. This 
you will not be furprized at when I tell 
you that the equatorial parts are about 
four thoufand miles from the center of 
motion. 


Pupil. 
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Pupil. I fuppofe then you infer that 
as the centrifugal force is greater the far¬ 
ther it is removed from the center, that 
the parts near the poles have a tendency 
to fly off towards the equator. 

Tutor. I do. And as we have fi- 
nifhed this part of our fubjeft, I fhall take 
leave of you. 


DI A.- 
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DIALOGUE XI. 


Tutor. 

I Now propofe giving you a defcrip- 
tion of the moon, and I doubt not 
it will afford you fome degree of plea- 
fure. 

Pupil. Indeed it will, as I know little 
more than that fhe is a fecondary planet 
or fatellite, revolving round the earth, and 
with it round the fun. 

Tutor. You know her mean diftance 
From the earth. 

Pupil. I did not recolledl that: 240 
thoufand miles. 

Tutor. Right. Her diameter is 
about 2161 miles, and her bulk about a 
fiftieth part of the earth's. Her axis is 
almoft perpendicular to the plane of the 
ecliptic, confequently fhe can have no 
diverfity of feafbns. 


Pupil. 
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Pupil. What is her period ? 

Tutor. The time Ihe takes to revolve 
from one point of the heavens to the 
fame again is called her fi'derial or periodi¬ 
cal revolution , and is performed in 27 
days, 7 hours, 43 minutes; but th a/ynodi- 
cal revolution , or the time taken up to 
revolve from the fun to the fame appa¬ 
rent fituation with refpedt to the fun 
again, or from change to change,, is a 9 
days, 12 hours, and 44 minutes. 

Pupil. I do not clearly comprehend 
it. 

T utqr. If the earth had no annua! mo¬ 
tion, the period of the moon would be uni¬ 
formly 27 days, 7 hours, 43 minutes; but 
you are to confider that whilft the moon is 
revolving round the earth, the earth is 
advancing in its orbit, and of courfe lhe 
muftbe fo much longer in completing 
her fynodical revolution as the difference 
of time between that and her fxderial re¬ 
volution. This I will make clear to you- 
in a few minutes.—What is the fituation 
of the hour-hand and minute-hand of a 
watch at twelve o’clock ? 

G 


Pupil. 
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Pupil. They will be in conjunction. 

Tutor. And will they be in conjunc¬ 
tion at one ? 

Pupil. No, Sir. 

Tutor. Yet the minute-hand has 
made a complete revolution : but before 
they can be in conjunction again the mi¬ 
nute-hand muft move forward till it over¬ 
takes the hour-hand. 

Pupil. I now underftand it, and muft 
beg you to explain to me the different 
phales of the moon. 

Tutor. Take this ivory ball, and fuf- 
pend it by the ftring with your hand be¬ 
tween your eye and the candle. Let the 
candle reprefent the fun, the ball the 
moon, and your head the earth. In this 
fituation, as the candle enlightens.only one 
half of the ball, the part turned from you 
will be enlightened, and the part turned 
to you will be dark. This will be a re- 
prefentation of the moon at change: and 
as no part of her enlightened hemifphere 
is turned to the earth, flie can refleClr no 
light upon it, and confequentiy is invifible 

to 
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to us. She now rifes and fets nearly with 
the fun.—Turn yourfelf a little to the left, 
and you will obferve a ftreak of light like 
what is called the new moon. 

Pupil. I fee it clearly. 

Tutor. Move round one quarter. 

Pupil. One half of the fide next me is 
now enlightened. 

Tutor. You may conceive it to be 
the moon at firft quarter.—Go on, and 
you will fee the light increafe till the ball 
is oppofite to the candle, when the fide 
next you will be wholly illumined, and 
will give you a juft idea of the moon at 
full, which now rifes about the time of 
fim-fetting, being oppofite to the fun: 
and, the farther Ihe advances in her orbit 
the later fhe rifes. 

Pupil. It is plain it muft be fo. She 
rifes with the fun at change, being then in 
conjunction: and as Ihe revolves in her 
orbit the fame way as the earth does on 
its axis, the earth will have farther to re- • 
volve each day before it can fee the 
moon. At the full fhe is in oppofition, 

G 2 and 
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and of courfe rifes when the fun fets: and 
fo continues to rife later and later, till the 


an 

fflO''' 


change again. 

Tutor. You imagine that the moon 
riles exactly with the fun when Ihe is at 

•v nsniwt/rr *nrnirt*rrfrt 


change; and when he fets, at full. I will 
prefently convince you of your miftake; 
and would have you now proceed with 
your ball. Place it again oppofite to the 
candle, and as you turn round you will 
find the light gradually decreafe as it be¬ 
fore increafed, - that the fide that was be- 
v n o o re? ^ r ~ ■ ' 

fore' enlightened is now dark, and the 
dark fide light. When you have gone 
three quarters round, one half of the fide 
next you will be enlightened, and will re- 
femble the moon at laft quarter. As 
you go on the darkened part will increafe, 

' till you arrive at the place you fet off 
from, where ' tire 
fcured. 


light 


is quite ob- 


Pupil. I have now completed the cir¬ 
cuit, and am much delighted with it, as by 
this Ample contrivance I can perceive 
the various changes of the moon, and 
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that the weftern Tick is enlightened from 
the change to the full, and the eaftern fide 
from the full to the change. 

^ •,}£. ^ as fully 30- 


,lwered the purpofe intended. 

Pupil. Indeed it has. But if you wr 
give me leave I will ufe the ball again. 

rolw JD3jQQ*tCf 0 I)fj r 

Tutor. By all mdans. 

T ; T s jr\ ■ 

Pupil. I perceive, as I move round, 
th,at the lame fide of the ball is turned 
towards me whim; every part is turned 
to the candle. mnAn if 
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Is it fo .with the moon* 

ji J , aaoa 
iTthe 


Tutor. It is: and as every ban of th 
• j , 5 , 

moon is turned to the fun, me makes qnc 

revolution on her axis whult fhe makes 

-of lri.w; '.■’rraimn aa mw oov ) 

^ne in her orbit. _ . ,, 3 p< ■ 

^ Pupil. This is very fingular. If the 
farriq fide ofthie moon be always turnfcd 
to the earth, the oppofite fide of courfc 
can nev£r fee it. 

Tutor. And they mufl likewife be de- 
prived ot the earth as a moon. 

Pupil. True. But how js it known 

ovism | wnsyjiifiSj auqrml ijp* 

that the fame fide of the moon is always 

v ’ i ' • ’ 

oppofed to the earth ? 

G 


T UTOR. 
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Tutor. The moon, like our earth, 
confifls of mountains and valleys, which, 
when feen through a good telefcope, are 
very beautiful. The mountainous parts 
appear as lucid fpots and bright ftreaks 
of light: and as the fame fpots, &c. are 
conftancly turned to the earth, flie muft 
keep the fame fide to the earth. 

Pupil. It is very clear. Are there no 
feas ? 

Tutor. It was forflnerly imagined that 
the dark parts were feas, but later obfer- 
vatiens prove that they are hollow places 
or caverns, which do not reflect the light 
of the fun. Befides, if there were leas 
there would conlequently be exhalations, 
and if exhalations, clouds and vapours, and 
an atmofphere to fupport them. That 
there are no clouds is evident, becaufe 
when our atmofphere is clear, and the 
moon above our horizon in the night¬ 
time, all her parts appear conftantly with 
the fame clear, ferene, and calm afpe<5t. 

Pupil. Has the moon then no atmo¬ 
fphere ? 


Tutor. 
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Tutor. If fhe has it is imperceptible 
to us: for, when fire approaches any ftar; 
we cannot difeover with our bell tele- 
fcopes any change of colour or diminu¬ 
tion of luftre in the ftar till the inftant it 
is loft behind her: whence it is clear, that 
ftie can have no fuch grofs medium as our 
atmofphere to lurraund her. 

Puna. May we not then doubt whe¬ 
ther Ihe be inhabited or not, as without 
air we cannot breathe? 

Tutor. The fame Almighty Being 
who created us and gave us air to breathe, 
may have provided a different way for 
their exiftence. It does not hold good 
that, becaufe we could not live there, fhe 
is not inhabited. Filh will live a confi- 
derable time in water under an exhaufted- 
receiver; and, I have heard of a toad 
being found in a block of marble. Your 
doubt therefore, I think, ought not to be 
admitted. 

Pupil. I am fatisfied. And muft now 
beg to be informed how I may obferve 
the moon’s motion. 

G 


Tutor. 
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: ^Tivasoke Her real motion round die 
earth, may be eafily known by remark¬ 
ing when Hie is near any particular ftar. 
Thus, fuppofe you fee. her weft, that* is to 
the right of it, ftie will be approaching, 
■ then .in conjunction with, and afterwards 
pafs it towards the eaft. Her; apparent 
.•niprion is that of rifing and fetting, which 
is.occaftoned by the rotation of the earth 
on. its axis. 

jJPupil. I remember not long fince, 
when you fhewed me Jupiter, that the 
. moon was weft of him: the next evening 
I faw lier almoft appear to touch him, 
arydfoor. after at a great diftance from him 
eafterly. I now fee that her real motion 
is from weft by fouth to eaft, and her 
apparent motion from eaft by fouth to 
weft. 

Tutor. If you have no objection, I 
will now explain the caufe of eclipfes ' 

Pupil. So far from it, that it will give 
me the greattft pleafure. 

T uxor. Take your ivory ball, fufperid 

it 
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it as before, in a right line between'your 
eye and the candle. — Can you i lee the 
\hr js:ki «i oift nodw gni 

Pupil. No, Sir. 

■ Tutor. For what reafon. 

Pupil. Becaufe the ball prevents the 
light coming to me. 

Tutor. This then reprefcnts an eclipfo 
of the fun, which can never happen but 
when the moon is between the lun and 
the earth, which muft be at the change : 
for, as light palfes in a right line, the fun 
is hidden to that part of the earth which 
is under the moon, and therefore he mull 
be eclipfed. If the whale of die fun be 
obfcured by the body of the moon, the 
eclipfe is total: if only a part be darken¬ 
ed, it is a partial eclipfe; and fo many 
twelfth parts of the fun’s diameter, as the 
moon covers, fo many digits are faid to 
be eclipfed. 

Pupil. May not the word digit be ap¬ 
plied to the moon as well as the fun ? 

Tutor, It may: for it means a twelfth 
G 5 * part 
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part of the diameter of either the fun, or 
the moon. 

Pupil. As you have now fhewn me 
the caufe of an eclipfe of the lun, I am 
anxious to have that of the moon ex¬ 
plained. 

Tut'or. We muft again have reeourfe 
to your little ball.—Turn yourfelf round 
till it is oppofite to the candle in a line 
with your head, and you will fee that no 
light can be thrown on it from the candle, 
becaufe your head is between them. In 
like manner the rays of the fun are pre¬ 
vented failing on the moon, by the inter- 
pofition of the earth : fhe mull therefore 
be eclipfed. 

Pupil. I fee it clearly. And as an 
eclipfe of the fun happens when the moon 
is at change, that of the moon muft be 
when fhe is at full j for, it is then only 
the earth’s fhadow can fall on the moon, 
the earth being at no other time becween 
the fun and her. 

Tutor. The diameter of the fhadow 
is about three times that of the moon, and 
6 con - 
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confequently the moon muft be totally 
eclipfed whilft fhe continues in it. On 
the contrary, the lhadow of the moon at 
an eclipfe of the fun, covers fo final! a 
part of the earth’s furface, that the fun is 
totally or centrally eclipfed to but a fmall 
part of it; and its duration is very fhort. 
But a faint or partial lhadow furrounds 
this darkened fhade, in which the fun is 
more or lefs eclipfed, as the place is 
nearer to or farther from its center; this 
partial lhadow is called the penumbra. I 
have prepared for you a little drawing, 
reprefenting an eclipfe both of the fun 
and moon, which I think will enable 
you better to underftand what I have 
been explaining. (Plate IV. Fig. x and 
2 .) In the former, p. p. is the pe¬ 
numbra. 

Pupil. In what does a central differ 
from a total eclipfe ? 

Tutor. An eclipfe of the fun maybe 
central, and not total; for, thole who are 
under the point of the dark fnadow, will 
fee the edge of the fun like a finvi lumi- 
G 6 nous 
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nous ring, all around the dark body of 
the moon when the fun is eclipfed at the 
moon’s greateft diftance from the earth ; 
but when fhe is neareft the earth at an 
eclipfe of the fun, the eclipfe is totaL 
When the penumbra firft touches the 
earth, the general eclipfe begins; when it 
leaves the earth, the general eclipfe ends. 
An eclipfe of the moon always begins on 
the moon’s eaftern fide, and goes off on 
her weftern fide j but an eclipfe of the 
fun begins on the fun’s weftern fide, and 
goes off on his eaftern fide. When the 
moon is eclipfed in either of her nodes, 
the eclipfe is both central and total. 

Pupil. Pray, what is the reafon we 
have not an eclipfe at every full and 
change of the moon ? 

Tutor. For the fame reafon that 
Mercury and Venus are not feen to pafs 
over the fun’s difc at every inferior con- 
iliw ii, nootfi arb 1o alqiba irto. 

Pupil. Is the orbit of the moon then 
inclined to the plane of the ecliptic ? 

Tutor. 
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Tutor. It is: and no eclipfe of the 
fun can happen but when the mdon is 
within 17 degrees of either of her nodes: 
neither can there be one of the moon, 
unlefs (he be within 1 2 degrees. At all 
other new moons fhe pafieth either above 
or below the fun, as feen from the earth: 
and at all other full moons above or be¬ 
low? the earth’s ihadow, according as lhe 
is north or fouth of the ecliptic. Yoii 1 
now fee that the moon mud fometiines 
rife before and fometlmes after the lun' 
at change, and before or after he fets at* 
fplk ■ r, Ian .0 iadjb ni balqibo ti noom 

Pupil. I do. Sir, and am much obliged 
to you for this pleafing account of the 
moon, and of eclipfes : and if you h^ve 
any thing farther to obferve, it will afford 
me additional pleafure. 

Tutor. You may, at fome time or 
Other, have an opportunity of feeing a 
total eclipfe of the moonj it will therefore 
be necelfary to prepare you for a pheno¬ 
menon which otherwife you might be 
much furprized at, and that is, that after 

the 
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the moon is irmmerfed in the earth’s fha- 
dow, fhe is ftill vifible. 

Pupil. This is a phenomenon that I 
am not able to account for; for, the 
moon being an opaque body, fhe cannot 
fhine by her own light *, and the rays of 
the fun are prevented falling on her by 
the interpofition of the earth, fhe cannot 
therefore fhine by refleftion. 

Tutor. It is by reflection that we fee 
her; for the rays of the fun which fall 
upon our atmofphere are refracted or 
bent into the earth’s fhadow, and fo falling 
upon the moon are reflected back to us. 
If we had no atmofphere, fhe would be 
totally dark, and of courfe invifible 
to us. 

Pupil. What is her appearance ? 

Tutor. It is that of a dufky colour, 
fomewhat like tarnifhed copper.—I have 
one thing more to remark before we quit 

* Dr. Herfchell fuppofes the moon and the reft of the 
planets may have fome inherent light: the fide of the 
planet Venus, turned from the fun, having been feen, 
ag we fee the moon foon after the change. 
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this fubjedt, which is, that the moon's 
nodes have a retrograde or backward mo^ 
tion, in a direction contrary to the earth’s 
annual motion, and go through all the 
figns and degrees of the ecliptic in little 
lefs than nineteen years, when there will 
be a regular period of eclipfes, or return 
of the fame eclipfes for many ages. 

Pupil. Pray, Sir, what do you pro- 
pofe for our next fubjeft ? 

Tutor. The ebbing and flowing of 
the fea, or caufe of the tides. 


DI A- 
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funtmp‘ilrto3 forts £$ob sri nsru aDic 

DIALOGUE XII. 

iiz:>n ttw if m aolol t biun £ gOi 
^'juk .si ' :/: s j ol ?obiy ba£ t i3Woq 

Tutor. 

tO 3f ; mil 3Tu jQ a3y*OC| 3YIjj£iT 

i N order to explain the caufe of the 
tides, I have fince I faw you laft pre¬ 
pared a little drawing for you, (Plate 
IV. fig. 3.) where S reprefents the fun, 
M the moon at change, E the center of 
the earth, and A B C D its furface, co¬ 
vered with water. It is obvious, from 
the principles of gravitation, that if the 
earth were at reft the water in the ocean 
would be truly fpherical, if its figure were 
not altered by the action of fome other 
power. But, daily experience proves that 
it is continually agitated. 

Pupil. What is the caufe of this agi¬ 
tation ? bna 4 

Tutor. The attraction of - the 5 - 1 fhn 
and moon, particularly the latter t for, as 
' ' fhe 
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flie is fo much nearer the earth than the 
fun, Ihe attracts with a much greater 
force than he does, and confequently 
raifesr the water ijnuch higher, which, be¬ 
ing a fluid, lofes as it were its gravitating 
power, and yields to their fuperior force. 

Pupil. What proportion does the at¬ 
tractive power of the fun bear to that of 
the moon ? 

Tv;tor. As three to ten. So when 
the moon is at change, the fun and moon 
being in coryunftion, or on the fame 
fide of the earth, the action of both bodies 
is on the fqrface<q»f the water, the moon 
railing it ten parts, * and. the fun three, 
th.e fum of which is thirteen parts, repre- 
: feated by B k Now it is evident, that 
if, thirteen parts be added by the attrac¬ 
tive power of thofe bodies, the fame 
mttrnber, of parts muft be drawn off from 
fome other part, as A a, C c. It will 
now be high-water under the moon at 
b, and its oppofite fide d> and low-waster 
at a and |g . otuT 

r f : By part here I do not-mean any fpecific meafime. 

: Pupil,. 



Pupil. That the attraction of the flirt' 
and moon muft occafion a fwelling of the’ 
waters on the fide next them, I can rea¬ 
dily conceive, and that this (well muft 
caufe a.falling off at the fides: but that 
the tide fhould rife as high on the fide 
oppofite to the fun and moon, in a di¬ 
rection contrary to their attraction, is 
w hat I am not able to account far. 

Tutor. This difficulty will be re¬ 
moved when you confider that all bodies 
moving in circles have a conftant ten¬ 
dency to fly off from their centers. Now, 
as the earth and moon move round their 
center of gravity, that part of the earth 
which is at any time oppofite to the 
moon will have a greater centrifugal 
force than the fide next her, and at the 
earth’s center the centrifugal force ex¬ 
act'y balances the attractive force: there¬ 
fore, as much water is thrown off by 
the centrif ugal force on the fide oppo- 
fite to the moon, as is raifed on the fide 
next her by her attraction. Hence, it is 
plain, that at D, fig. 3, the centrifugal force 

muft 
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mull; be greater than at the center E, and 
at E than B, becaule the part D is far- 
ther from the center of motion than the 
part B. On the contrary, the part B 
being nearer the moon than the center 
E, the attracting power muft there be 
ftrcngeft, and weakeft at D. And, as 
the two oppofing powers balance each 
other at the earth's center, the tides will 
rife as high on that fide from the moon, 
by the excefs of the centrifugal force, as 
they rife on the fide next,her by the ex¬ 
cefs of her attraction. 

Pupil. In this explanation you have 
mentioned nothing of the fun. 

Tutor. From what I have already 
faid it muft be plain to you that if there 
were no moon the fun by his attra&ion 
would raife a fmall tide on the fide next 
him; and, it is as evident that the tides 
oppofite would be raifed as high by the 
centrifugal force; for'the fun and earth,, 
as well as the earth and moon, move 
round their center of gravity. This 
may be exemplified by an ealy experi¬ 
ment. 
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ment< Take a flexible hoop, fuppofc 
of thin brafs, tie a firing to it and whirl 
it/#$nji your head,, and it will a flu me 
an elliptical ftiape; the'tightnefs of die 
firing drawing out the fide next to your 
hand, and the centrifugal force throwing 
oft'the other. ,51 

Pupil. This I clearly comprehend. 

Tutor. I {hall now refer you' to the 
next figure, (fig. 4.) where F r'e'prefents 
the moon at full: the fun and mooh ’ Ire 
■ ift oppofition, and yet the tide is a^'in^h 
'On each fide as in the former caf^^I 
wifh you to fliew me the'Cauie. » V* 
IwilMife my endeavour fa Ido 

it’Sir. * 

Tutor. Then I doubt not you"will 

• accodiflifh it. ' i! tftawp* 

Pupil. When the nhoon is at full, 
ten parts of water ard*' raifed frorri that 
fide of the earth nextdier, by her attrac¬ 
tion ; and, as the fide whidh is next her 
is oppofite to the fun, three pafts mull be 
thrown off by htS * tentrifugal' force, the 
fum pf which, will be thirteen parts next 

the 
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the moon. 1 —From the fide oppofite t6 
the moon, 'and under the fun, ten parts 
are thrown off by her centrifugal force, 
and three raifed by his attraction, mak¬ 
ing thirteen, the fame as before. < ‘ t* 
Tutor. I could not have done it bet¬ 
ter. Thefe are called Spring 'Tides. But 
when the moon is in her > quarters, the 
action of the fun and moon are in oppo- 
fition to each other j that is, they aCfc 
in contrary directions (fee fig. 5.) The 
moon of hcrfelf would raife the water ten 
parts under her, and throw off ten parts 
by her centrifugal force on the oppofite 
fide; but, the fun being then in a line 
with the low-water, his aCtion keeps the 
tides .from falling fo low there, jnd con- 
fequently from rifing fo high under and 
oppofite to her. His power, therefore, 
on the low-water being three parts, 
leaves only feven parts foe the high wa¬ 
ter, under and oppe^fe the moon. Thefe 
are called Neap Tidfs\\ 

Pupil. This is, very plain. 

Tutor. You^would naturally fuppofe 

that 
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that the tides ought to be highed direddly 
under and oppofite to the moon : that is, 
when the moon is due north and fouth. 
But we find, that in open leas, where the 
water flows freely, the moon is generally 
pad the north and fouth meridian when 
it is high-water. For, if the moon’s at¬ 
traction were to ceafe when ilie was pad 
the meridian, the motion of afcent com¬ 
municated to the water before that time 
would make it continue to rife for fome 
time after : as the heat of the day is, 
treater at three o’clock in the afternoon 

o 

than it is at twelve; and it is hotter in 
July and. Auguft than in June, when the 
fun is higheft and the days are long- 
eft. 

Pupil. Thefe are convincing realons. 
And, pray what time after the moon has 
palled, the meridian, is it high-water ?. 

Tutor. If the earth were entirely 
covered with water, lo tty|t the tides 
might regularly follow the moon, fire 
would always be three hours paft the me¬ 
ridian of any given place when the tide 

was 
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"was at the higheft at that place. But, 
.as the earth is not covered with water, 
the tides do not always anfwer to the 
fame diftance of the moon from the me¬ 
ridian at the fame places, becaufe the re¬ 
gular courfe of the tides is much inter¬ 
rupted by the different capes and corners 
of the land running out into the oceans 
and feas in different directions, and alfo by 
their running through fhoals and chan¬ 
nels. But, at whatever diftance the moon 
is from the meridian on any given day, at 
any place, when the tide is at its height 
there, it will be fo again the next day, 
much about the time when the moon 
is -at the like diftance from the meridian 
again. 

Pupil. Are not the tides later every 
day than they were the preceding day ? 

Tutor. Yes; and the reafon is ob¬ 
vious : for, whilft: the earth is revolving 
on its axis in twenty-four hours, the 
moon will be advancing in her orbit; 
therefore the earth muft turn as much 
more than round its axis before the fame 

place 






[ *44 ] 

p]ace which was under her can come to 
the fame place again with refpedt to her, 
as fhe has advanced in her orbit during 
that interval of .time, which is 50 mi¬ 
nutes. This being divided by 4, gives 
iaf minutes j fo that it will be 6 hours 
12.5 minutes from high to low-water, and 
the lame time from low to high-water : 
or 12 hours 25 minutes from high-water 
to high-water again. 

Pupil. This I underftand perfectly 
well. 

Tutor. I have now finifhed my de- 
fcription of the tides, and having a little 
time to fpare, if you wilh to know how to 
find the proportionate magnitude of the 
planets with that of the earth, and to 
calculate their diftances from the fun, I 
will employ it that way. 

Pupil. At our firft conference I re¬ 
member you Ihewed me the proportion 
that the other planets bear to the earth, 
with their periods and diftances from the 
lun j but to have it in my power to make 

tire 
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the calculations myfelf, will certainly give 
me great pleafure. 

Tutor. To find what proportion any 
planet bears to the earth; or, that one 
globe gears' to another, you muft obferve 
Jpheres or- globes are in proportion 
ktr-me another as the cubes of their diame¬ 
ters. So'that you have nothing more to 
dochan tocube'the diameter of each, and 
divide the greateft by the lead: number, 
quotient will fnevy you die,pro¬ 
portion that one bears to the other. t! ;■■ 

The. operation appears yery 
.fimpleii but, as I do not' knew .what- a 
i cub.e number is, I cannorperfor ; m k . m 
■ Tutor. You cannot _ forget .what a. 
tquare number is. - . - 

I 'Pop.iC. The product of any number 
multiplied into itfelf is '% fquare BumGef, 
as 4 is the lquare of i.- 

Tutor. Any lquare number multi¬ 
plied by. its root, or firft power, will be a 
cube number. Thus 4 multiplied by 2 
will.be-8, which is the cube of.2 ; 9 is the. 

H fquare 
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Iquare or fecond power, and 27 the cube 
x>r third power of 3, &c. This you will 
perhaps better underftand by 

A TABLE OF 

Roots. 1.2. 3. 4. 5. 6. 7. S. 9. 
Squares. 1.4. 9.16. 25. 36. 49. 64. 81. 
Cubes. 1 .8.27.64.125.216.343.512.729. 

Pupil. I do. Sir; and am now pre¬ 
pared for an example. 

Tutor. The diameter of the fun is 
893552 miles, of the earth 7920 miles; 
how much does the fun exceed the earth 
in magnitude ? 

Pupil. The cube of 893522, the fun’s 
diameter, is 713371492260872648; and 
of 7920, the earth’s, 496793088000. 
And 713371492260872648 divided by 
496793088c 00 is equal to 1435952, and 
fo many times is the bulk of the fun 
greater than that of the earth. 

Tutor. This one example may fuffice, 
as I intend by and by to give you a table 
of diameters, &c.; you may then calculate 
the reft at your leifure. 


Pupil. 
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Pupil. I fhali now. Sir, be glad to 
have the other explained. 

Tutor. The periods of the planet9, 
or the times they take to complete their 
revolutions in their orbits, are exaftiy 
known; and the mean diftance of the 
earth from the fun has been alfo afcer- 
tained. Here, then, we have the periods 
of all, and the mean diftance of one, to 
find the diftances of the reft ; which may 
be found by attending to the following 
proportion: 

As the fquare of the period 
of any one planet. 

Is to the cube of its mean diftance 
from the fun; 

So is the fquare of the period 
of any other planet, 

To the cube of its mean diftance. 

The cube root of this quotient will be 
the diftance fought. 

Pupil. Here again I find myfelf at a 
lofs, as I have not learnt to extract the 
cube root. 

H 2 


Tutor. 
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T uTOfc. I will give you * Do< 5 tor 
Turner’s rule, which I think will anfwer 
your purpofe. 

“ Firft, having fet down the given num¬ 
ber, or refolvend, make a dot over the unit 
figure, and fo on over every third figure 
(towards the left hand in whole numbers, 
but towards the right hand in decimals); 
and fo many dots as there are, fo many 
figures will be in the root. 

Next, feek the neareft: cube to the firft 
period; place its root in the quotient, and 
its cube fet under the firft period. Sub- 
tradt it therefrom; and to the remainder 
bring down one figure only of the next 
period, which will be a dividend. 

Then, fquare the figure put in the quo¬ 
tient, and multiply it by 3, for a divifor. 
Seek how often this divifor may be had 
in the dividend, and fet the figure in the 
quotient, which will be the fecond place 
in the root. 

Now, cube the figures in the root, and 
fubtradt it from the two firft periods of 
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the refolvend; and to the remainder 
bring down the firft figure of the next 
period, for a new dividend. Square the 
figures in the quotient, and multiply it by 
3, for a new divifor; then proceed in 
all refpefts as before, till the whole is 
finiflied." 

The following example will, I truft, 
make it clear to you-. 

EXAMPLE. 

It is required to find the cube root of 
15625. 

15625 (25 
8 

12) 76 

15625 


Point every third figure, and the firft 
period will be 15; the neareft cube to 
which, in the table I gave you juft now, 
you will find to be 8, and its root 2; the 
8 you muft place under the 15, and the a 

in 
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in the quotient: take 8 from 15 and 7 
will remain, to which bring down 6, the 
firft figure of the next period, and you 
have 76 for a dividend. The figure put 
in the quotient is 2, the fquare of which 
is 4, which multiplied by 3 is 12, for a 
divifor. Now 12 in 76 will be 5 times; 
cube 25, and you will have 15625, which 
fubtrad from the refolvend, and nothing 
v.'ill remain ; which fhews that the refol- 
vend is a cube number, and 25 its root. 

Pupil. You fay 12 in 76 is 5 times j I 
fhculd have faid 6 times. 

Tutor. In common divifion it would 
be fo j but as the cube of 26 would be 
greater than the refolvend from which 
you are to fubtrad it, it can go but 5 
times. 

Pupil. Now, Sir, I think I have a 
fufficient knowledge of the rule to folve a 
problem. 

Tutor. The earth’s period is 365 
days, and its mean diftance from die fun 
95 millions of miles; the period of Mer¬ 
cury 
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cnry is 88 days—what is his mean dif- 
tance ? 

Pupil. As the diftance of the earth is 
given, I muft make the fquare of 365 the 
firft term, the cube of 95 the fecond, and 
the fquare of 88 the third term of the 
proportion. 

Tutor. Certainly.—Take your (late, 
or a piece of paper, prepare your num¬ 
bers, and make your proportion. 

Pupil. I find the fquare of 365 = 
133225; of 88—7744; and the cube of 

95 = 8 57375* 

Then 133225 : 857375 : : 7744 
to a fourth term. 

I now multiply the fecond and third 
terms together, and divide the produft 
by the firft, the quotient 49836 is the 
cube of the mean diftance of Mercury 
from the fun in millions of miles, and the 
fourth term fought. 

Tutor. So far you are right. Now 
extract the root. 

49836(36 
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49836(36 


3 

36 

27 


3 

36 

27)228 

Sq. of 3 — 

: 9 

216 

46656 

Mul. by 

3 

108 

.3180 

Divifor 

27 

1296 



= 

3 6 




7776 


3888 

Cube of 36 n 46656 

Pupil. The root I find to be 36, which 
is the mean diftance of Mercury from the 
fun, in millions of miles. 

Tutor. You now fee, that although 27 
in 228 will go 8 times, yet here it will go 
but 6 times; and, as there is a remainder, 
it fhews you that the refolvend is not a 
cube number. 

Pupil. I fee it clearly. 

Tutor. You now feem perfect in the 
rule; I fhall therefore not trouble you with 
any more examples, but fhall give you 
the table I promifed you. 

1 


TABLE. 
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TABLE. 



Names 

of the 

Planets. 

i 

! 

Diameters, 

^ in Englifh 
Miles. 

Magnitude, 

compared 

with the Earth. 

Periods, 

in 

Years and Days. 

Mean Diftance 

from the Sun, 

in Mil. of Miles. 

Sun - - - 

*893522 

1435952 

— 

— 

Mercury 

3261 

1 

T + 

0 — 82 

36 

Venus - - 

7699 

4 5 

T 9 

O 

1 

K> 

4 ^ 

68 

Earth - - 

7920 

I 

1 or 365 

95 

Moon - - 

2161 

I 

TIT 

— 

— 

Mars - - 

5312 

X 

T 

1 and 322 

145 

J upiter - - 

90255 

1479 

11 — 314 

494 

Saturn - - 

8 COI 2 

1031 

29 — 167 

906 

Georgian 

34217 

82 

83 — 121 

1812 

# 

The Diameters were taken from Adams’s Le£hires> Vol. IV. p. 39. 
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Pupil. I fhall take the firft opportu¬ 
nity of calculating the reft, in which I 
am certain I fhall have great fatis- 
fatftion. 

Tutor. I ' have now conduced you 
through the elementary parts of aftro- 
nomy, have given you a general view of 
the fyftem of the world, and prepared 
you to purfue the ftudy with profit and 
pleafure. — In your future refearches, the 
more accurate you are, the more you 
will difcover of regularity, fymmetry, and 
order in the conftitution of the frame of 
nature. 

** Hail, Sovereign Goodnefs ! all-produ&ive Mind ! 
u On all thy works thyfelf infcrib’d we find; 

Kt How various all, how varioufly endow’d, 
u How great their number, and each part how good I 
u How perfect then mu ft the Great Parent fhine, “j 
tl Who, with one a£l of energy divine, (. 

u Laid the vaft plan, and finifh’d the defign !” J 


TH2 IND. 


i 
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